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SUMMARY 
An investigation was carried out to develop a quick-
curing process for the manufacture of ordinary superphosphate. 
A quick-curing process would have the follov/ing advantages 
over currently-used storage-curing processes: (1) the product 
could be shipped directly, thus reducing both the storage 
space required and the v;orking capital tied up in the in­
ventory, (2) the opportunities for producing a granular super­
phosphate would be greater, (3) operating conditions in the 
mixing step could be chosen viith more flexibility thus aiding 
in the attainment of optimum conversion, and (4) uncertainty 
as to production rates required would be eliminated since a 
final product could be produced in a matter of hours instead 
of the 4 to 12 weeks required by storage-curing processes. 
In the present studies, superphosphate prepared from a 
Florida rock containing 32.4 per cent P2®5 sulfuric acid, 
was quick-cured in a small laboratory Roto-Louvre type drier 
in v/hich heated air was forced throu^ a bed of superphosphate 
which was in agitation due to the rotation of the drier. 
\Vhen superphosphate made from 71.8 per cent sulfuric 
acid and an acidulation of 1.81 pounds of H2S0ij, per pound of 
PgO^ (typical commercial conditions) was dried to constant 
moisture content at product temperatures of 125-275® F., the 
conversion of the ^2^5 available form was 83 to 84- per 
cent, an Increase of only one or two per cent over that of 
the fresh material. At product temperatures above 225° F*» 
the water-soluble ^ 3*^5 product decreased. The 
free acid content did not vary appreciably with product dry­
ing temperatures. After 30 days storage at room temperature 
the P2°5 availability of the dried products increased to 
about 88 per cent. Control samples v;hioh were not heated had 
a conversion of about 97 per cent after 30 days storage at 
room temperature. 
Superphosphate, prepared as described above, Xiras treated 
V7lth air-stream mixtures of varying temperature and composi­
tion. Increases in conversion ranging from 1 to 12 per cent 
over that of the fresh material were noted. In general, the 
largest increases were obtained when the superphosphate re­
tained a hi^ moisture content during the treatment. On dry­
ing, the steam treated aupei^hosphate decreased slightly in 
conversion. On storage for 30 days the dried samples increased 
in conversion, the increase depending on the moisture content 
at time of storage. Superphosphate containing approximately 
5 per cent moisture at the time of storage attained conversions 
comparable to those of the control samples. 
The effect of sulfuric acid concentration on conversion 
of the dried superphosphate was then studied. Acid concentra­
tions as low as ^ 0 per cent H2SO2J, were used for preparation 
of the superphosphate. The conversions of the fresh super-
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phoaphates were greater v/hen the less concentrated acids were 
used. In the range of 4o to 50 per cent H2S0/^, the conversions 
of the fresh superphosphates were about 91 por cent, and those 
of the dried products as high as 9^ per cent; as the acid 
concentration was increased above 50 per cent, conversions of 
the dried products decreased until at 71.8 per cent H230/j,, it 
v/as only 84 per cent. 
The effect of product drying temperatures, in the range 
of 125® to 3^2° P., on conversion of superphosphate made v;ith 
50 per cent H2SO/1, was studied* At drying temperatures below 
about 250° F., a dried product having 93 to 9^ per cent con­
version v;as obtained. Above 250° F. the availability of the 
dried products decreased. The water soluble ^ 2*^5 content de­
creased as drying temperatures were increased above 250® F. 
A study of the effect of reactant acid temperature, in 
the range 70® to 202® F., on conversion of dried superphos­
phate made xirith 50 per cent that reactant acid 
temperatures above I60® F. resulted in a decrease of available 
"^2^$ dried product. 
SupejTphosphate made with 50 per cent H2S0jj^ using acidula-
tion ratios of 1.59 to 1.96 pounds of H2S0j|^ per pound of P2O5 
had conversions of Qk to 98 per cent when dried to constant 
moisture at a product drying temperature of 220® P. 
As a result of this investigation, a process has been 
developed on a laboratory scale for quick-curing superphos­
-iK 
phate which gives a product of salable chemical composition 
and excellent granular form. This process consists of using 
50 per cent H2SO1,, at temperatures up to l6o° F. in the acidula-
tion of phosphate rock. After solidification and disintegra­
tion the fresh superphosphate is fed into a Roto-Louvre drier 
v/here it is quiok-cured by drying v;ith hot combustion gases 
at temperatures up to 600° F. and at product temperatures up 
to 250® F. The finished product has a conversion of about 
93 per cent and is in a granular form ready for bagging with­
out any further treatment. 
Initial tests on a pilot plant scale have been carried 
out. These tests have shown that superphosphate made with 
acid concentrations ranging from 71.8 to 50 per cent H2S0^ 
solidifies in the den in from 1 to 3 hours and that no 
materials handling difficulties arise from the use of the 
less concentrated acid. Products of excellent granular form 
were obtained in these tests when acid concentrations of less 
than 60 per cent were used in the acidulation. Insufficient 
tests have been made to determine optimum operating conditions 
in the pilot plant. 
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INTRODUOTION 
Statement of Problem 
The Importance of phosphorus as an essential plant 
nutrient has long been recognized by both agronomists and 
farmers. There are fev; soils that do not shov; a deficiency 
in phosphorus (21). The total amount in soils is relatively 
small, and the quantity available is usually insufficient for 
optimum plant growth. Phosphatic fertilizers, therefore, are 
in general more vridely applied to soils than any of the other 
fertilizer elements (30). 
Ordinary superphosphate is at the present time by far 
the moat important agent for supplying soils v;ith phosphorus 
in a form available to growing plants. It is the most impor­
tant single fertilizer material from both the standpoint of 
tonnage produced and plant food supplied to the soil (30)* 
The superphosphate industry had its beginning over one 
hundred years ago when Liebig (18), in 18^f0, suggested treat­
ing ground bones with sulfuric acid to convert their calcium 
phosphate to a form more available for plant growth. However, 
Lawes, in 18^1-2, was granted the first patent for reacting 
rock phosphate v;ith sulfuric acid to produce a material he 
termed "superphosphate" (30). In this country the industry 
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datee back to 1868 when large "bedo of phosphate rock were 
discovered in South Carolina (8), although small quantities 
were produced prior to that date (31)* Xt has steadily grovm 
v/ith the discovery of richer and more plentiful phosphate ores 
to the point where production in 19^9 exceeded 9 million tons 
of normal superphosphate (20). In 1950 production totaled 
10,887,000 tons ("basis of 18 per cent available ^ 2*^5^ (27). 
Since Its Inception, the basic process for producing 
superphosphate has remained essentially unchanged except for 
the introduction of more efficient mechanical devices for 
mixing and materials handling and the use of higher grade ores. 
As a consequence the available ^2^5 oo'^'tQnt of the present 
day product ranges from 18 to 20 per cent as compared to 
approximately 11 per cent in the product produced in 1880 (25)* 
Currently, the most widely used process for manufacturing 
ordinary superphosphate is the so-called "den" process (18)* 
It is a batch process which consists of the follov/ing major 
steps; 
1. Grinding of rock phosphate for acidulation. 
2. Batch mixing of rock and acid. 
3. Solidification in a large box-like holder called 
a den. 
il-. Disintegration and transfer to storage piles 
for curing. 
5. Disintegration for bagging or processing of 
mixed fertilizers. 
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In the first atep, phosphate rook containing 31-3^ per 
cent P2O5 is ground to allow approximately 90 per cent to 
pass throu^ a 100-mesh aoreen (18). The finely divided rock 
is then mixed with 0.82 to 0.95 pounds of 50° to 56® Be' 
(62-72 per cent) sulfuric acid per pound of rook (23» 2^1') in 
a shallow pan mixer. While fluid, the mixture is discharged 
into a den v/liere the major portion of the reaction betvxeen 
rook and acid occurs and where the material is allovred to 
solidify. The resulting porous solid is then disintegrated 
and transferred to storage piles for curing to take place. 
The length of the curing period may vary from 4 to 12 weeks 
depending chiefly on the type of phosphate rock used (8). 
During the curing interval the reactions initiated in 
the mixer are allowed to continue with a resultant additional 
increase in the amount of available P20^ in the superphos­
phate. Follov/ing adequate curing the superphosphate is with­
drawn from the storage pile, disintegrated, and then either 
hagged for shipping or further processed to produce mixed 
fertilizers. 
The Broadfield process (18) is perhaps the best known 
of the continuous processes. I^ixing is accomplished in a 
horizontal cast iron trough by means of a rotating shaft 
equipped v^ith paddles to give the material a mixing and 
advancing action. The pasty mixture is continuously dis­
charged into a den consisting of a moving endless conveyor 
with two similar conveyors forming side walls housed within 
-8-
a ateel feox. The three conveyors move at the same speed to-
vrard the discharge end where a rotary cutter disintegrates 
the solid material. The disintegrated material is then trans~ 
ferred to storage piles by means of a conveyor system. 
Another continuous process, the Sackett Super Flo process 
(8), has been recently developed in the United States. In 
this process the acidulation of phosphate rock is carried out 
in an acidulating tower into 'rfhich the ground rock is intro­
duced as a fine dust stream and the acid as an atomized spray. 
As the superphosphate is formed it drops out of the dust-
acid mass to the bottom of the tower in the form of a thin 
slurry. A puddler carries the slurry to a solidifier, similar 
in construction to the den in the Broadfield process, for which 
the material discharges into rotary cutter. Upon disintegra­
tion the superphosphate is conveyed to storage for curing. 
Superphosphate possessing superior physical character­
istics in regard to non-caking properties and drillability is 
produced by the Davison granulation process (22, 28, 30). In 
the first step of this process fresh superphosphate from the 
den has its moisture content adjusted by addition of dry fines 
from a subsequent batch. This mixture is introduced into a 
rotating conditioning cylinder where water sprays increase 
the moisture content of the material to a level producing 
proper agglomeration. Constant control is required to pro­
duce a material of proper size and form. The resulting 
granular form is then fixed by drying the material in a rotary 
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dryer at a relatively high temperature. The temperature of 
the hot gas entering the drier ia said to be in the order 
of 1800° F. The dried product is sent to storage where 
final curing takes place in a minimum of 10 days. 
A process recently patented by the Davison Chemical 
Corporation (35) involves the use of 98 per cent sulfuric acid 
in the acidulation step to produce a superphosphate containing 
very low fluorine content. Althouglri the fluorine content of 
the superphosphate after mixing is low, the conversion is only 
about 75 per cent. After mixing the superphosphate is heated 
at temperatures from 250 to 500° P. for about one hour to 
enhance further fluorine evolution. The material is then 
ground and fed into a rotary grainer where lij- to 18 parts by 
weight of v/ater are added to it to produce a granular form and 
to increase its conversion. The material does not require 
further drying and now has a conversion of about 91'5 pei* cent. 
The superphosphate after curing for two weeks has a conversion 
of about 92.5 cent. 
Storage of the "green" superphosphate for final curing 
is an essential part of all the processes bi'iefly outlined 
above. Since the selling price of superphosphate is based 
on its available P2O5 content (to the nearest hundredth of l/S), 
it is to the advantage of the producer to allow for an adequate 
curing time before shipping his product. 
Although the storage-curing processes discussed above 
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have proven to be satisfactory and economical, they possess 
inherent disadvantages v;hlch miglit be alleviated by use of a 
suitable quick-curing process. Brldger (6) has listed the 
advantages which mi^t be realized from such a process. 
1. The product from a quick-curing process could be 
shipped directly, only sufficient storage space 
to build up an adequate inventory for peak season 
demands would be required. This would lessen the 
burden on the small manufacturer v;ith limited 
storage facilities and significantly reduce the 
amount of working capital tied up in the inventory 
stock. 
2. The opportunities for producing a granular product 
of superior physical properties should be greater 
in the case of a quick-curing process. The present 
• day granulation processes might be conceivably 
simplified or improved. 
3. Operating conditions in the mixing step could be 
chosen with more flexibility and hence aid in the 
attainment of optimum conversion. In the storage-
curing process it is not practicable to use acid 
concentrations as lovr as indicated in laboratory 
experiments for maximum conversion. 
Uncertainty as to production rates required 
would be eliminated since a final product could 
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tie produced in a matter of hours instead of k to 
12 v/eeks as required by present day storage-curing 
processes. 
With the above objectives in mind it was decided to under-
talsie the development of a quick-curing process for the pro­
duction of ordinary superphosphate. 
Since curing of fresh superphosphate depends on the com­
pletion of chemical reactions between rock and acid v;ith a 
resultant decrease in free acid and moisture contents, the basis 
of the proposed process was a study of curing at elevated 
temperatures and conditions v/hich enhanced drying v/ithout hav­
ing any harmful effects on conversion. 
Previous Work 
Many theories have been advanced to explain the mechanism 
of the acidulation reactions by which superphosphate is pro­
duced, Recent studies (28) propose the existence of three 
definite and distinct steps to explain the nature of the com­
plicated reactions occurring between rock phosphate and 
sulfuric acid (neglecting minor reactions between the acid 
and alumina, Iron, fluorine, alllcates, etc.) 
Step I 30a^(PO/^)2 + + Ga.^{V0i^)2 + 60a SO^^ 
Step II + Ca^(P0^)2 = 30aHj^(POj^)2 
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Btep III (a) 3CaHjj^(PO^)2 + 3\0 = 3GaHj^(P0^) ^'H^O 
(b) 6CaS0j^ 4- 3H2O = 6GaB0j^'^E^0 
Hov/ever, rock phosphate consists largely of Insoluble 
fluorapatite (Oa2_QF2{POj;j^)6) admixed with varying amounts of 
other compounds of calcitira, aluminum, iron, fluorine and 
silica (16). To make the phosphorus in the fluorapatite 
available, its lattice must be destroyed (11). The following 
equation has been used to represent the principal reaction 
involved in making ordinary superphate (33)' 
.2 
20a^QF2(POj^)g+7H2SO2j,+17H2O = 30A(H2P0J^) 2-H20+7CaS02j;2H20+HF 
The hydrogen fluoride does not appear as such in the product 
but probably combines with the silica present to from SiF/j, 
and H2SiF^ v/hich are removed from the process (18). Only 
about 25 to 30 per cent of the fluorine in the rock is evolved 
during the acidulation. 
Since the principal constituent of ordinary superphosphate 
is monocalcium phosphate monohydrate, a quick-curing process 
baaed on elevated temperature curing must involve a knowledge 
of the effect of heat on this compound. 
It has been pointed out (I3, 28) that for many years 
superphosphate producers were averse to drying supei'phosphate 
because of the possibility of reversion of the soluble mono­
calcium phosphate to an insoluble form on the application of 
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heat. A discrimination betv;een reversion (the lowering of 
phosphate content soluble In v;ater and neutral ammonium citrate 
solution) and reduction (the lowering of water soluble phosphate 
content) has been made (28). Reversion could not be tolerated 
since selling price is based on the amount of available phos­
phorus in the siiperphosphate. The gravity of reduction, how­
ever, would only be felt in the area v/here selling price is 
based on the water-soluble phosphorus content. 
Pure monocalciiMi phosphate monohydrate has been found to 
lose its water of hydration at about 212° F. v^hen heated in 
air; while temperatures of above 28^1-® F. are said to be neces­
sary to prevent formation of the monohydrate in the preparation 
of anhydrous monocalcium phosphate by precipitation from solu­
tion (17, 32). Sanfourche and his co-v/orkers (28) state that 
crystallized monocalcium phosphate monohydrate is stable at 
212® F.; becomes anhydrous at 2^6° F., starts to be transformed 
into an acid pyrophosphate (0aH2P207) at 302° F. with de­
composition of the acid pyrophosphate occurring above 356^^ F. 
Dragunov (10) found the product of heating monocalcium phosphate 
monohydrate at 302° F. contained some pyrophosphate. Because 
of their solubility in water and weak acid solutions mono- and 
di-calcium phosphates are forma of phosphorus available to 
growing plants. Any transformation of these salts to the more 
Insoluble calcium pyrophosphate v;ould result in a decrease 
in P2®5 s-vailability. Pyrophosphate formation was prevented 
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at 302° P. but not 392'' F. under a partial pressure of 700 mm. 
of v/ater vapor. Heating at 500® F. under a partial pressure 
of 700 mm. of water vapor resulted in an increased amount of 
pyrophosphate in the product. At 572° F. complete conversion 
into calcium metaphosphate resulted even at v/ater vapor 
pressures of 760 mm. Schlaeger (32) found that when anhydrous 
monocalcium phosphate was heated 5 to 20 hours at 28^*^ F. or 
at 356° to i)'28° F. for shorter times, it became coated v;ith a 
glassy shell containing particles of dicaloium phosphate; no 
appreciable pyrophosphate was found. Heating of 200-mesh 
monocalcium phosphate monohydrate for 1^ hours at F. 
resulted in conversion of seven per cent of the material to 
pyrophosphate. 
Hill and his associates (15) report that monocalcium 
phosphate monohydrate undergoes partial fusion v/hen heated 
rapidly in the open at 302° to 392° F., with the resultant mass 
converting to stable beta-calcium metaphosphate at 1112° to 
1292° F. Fusion can be avoided by preheating the material 
at 257° F. to expell water of crystallization, but further 
heating at 392° to 1112° F. results in an unpredictable mixture 
of phases, consisting of a glass-like amorphous material and 
one or more of at least three crystalline phases. Anhydrous 
calcium phosphate, obtained by crystallization from solution 
or drying of the hydrate, readily loses v/ater in a steam 
atmosphere at 527° to 572° F. and changes into calcium acid 
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pyrophoaphate (CaHgPgO.^) with formation of little or no 
amorphous material. At 617® to 662° F. In steam, crystalline 
acid pyrophosphate converts Into a mixture of water-Insoluble 
tetracalclum dlhydrogen hexaphoaphate and gamma-calcium meta-
phosphate, and v/ater-soluble amorphous material. 
Studies carried out at Tennessee Valley Authority (6) 
have shown that heating of monocalclum phosphate monohydrate 
at 500® F. resulted In the conversion of the water soluble 
"^2^^ mainly into the citrate soluble form. The data in 
general show that citrate solubility of the ^2^5 decreased as 
the temperature was raised from 500° to 17^2° F. The solubility 
at 17^2° F. was at a minimum; a sample heated to 1760° F. which 
fused contained appreciable soluble P2®5* 
Dragunov (9) states that dicalcium phosphate dihydrate 
becomes less soluble with loss of water of hydration and that 
it is important not to dry phosphates very much above 212° F. 
for any period of time (not more than 30-50 minutes at 212° F.). 
Kurakhtanov (19) reports that pure dicalcium phosphate dihydrate 
can be dried up to 392° F. without altering its fertilizing 
properties greatly. He also states that the dicalcium phosphate 
obtained from phosphorite, which contains Fe203» Al2®3 
excess GaO, loses much of its fertilizing ability when dried 
above 176° F. 
The data of Berlin and his oo-workers (5) on the heating 
of concentrated superphosphate (made by acidulating rook 
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phosphate with phosphoric acid instead of sulfuric acid) have 
shov/n the upper temperature limits for obtaining maximum 
availability to be 16?° to 176° F. Dragunov (10) reports that 
302° F. is the maximium temperature to which concentrated super­
phosphate may be heated v/ithout incurring loss of P2O5 ®^vail-
ability. Berlin and Kalugina (^) found that drying ordinary 
or concentrated superphosphates at 212° to 302° F. to a moisture 
content of ^  to 7 per cent improved their properties, but that 
drying at a higher temperature or to constant weight resulted 
in an increase of insoluble phosphate. Laboratory investiga­
tions at T.V.A. (6) indicated that concentrated superphosphate 
heated for a few hours at 392° F. suffered only a slight loss 
in availability. Heating at temperatures above 572° and 
below fusion temperature resulted in a marked drop in avail­
ability, whereas material heated at 17^2° F. became fused and 
was highly available. Larger scale pilot plant studies at 
T.V.A., hov/ever, indicated that 150° F. was the highest product 
temperature at which concentrated auperphosphate could be dried 
without incurring losses in availability. 
Parrish and Ogilvie (28) and Gray (I3) report that rotary 
driers have been used in Europe to dry superphosphate from 
moisture contents of 15 to il' per cent vrith slight increases 
in available ^ 2^^' exhaust gases ranging in temperature 
from 1^1-2° to 19^^ F. were used and the superphosphate v/as 
discharged at temperatures of 158° to 212° F. Increases in 
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available ^2'^$ ranging from 0.2 to 0.4 per cent were obtained. 
These authors state that artificial drying, under controlled 
thermostatic conditions, furthers the reaction "between free 
acid and tricalcium phosphate to produce available 
Consideration of a quick-curing process also involves an 
understanding of the factors affecting the rate of reaction 
between rook and acid. 
The rate of the heterogeneous reaction between rock 
phosphate and sulfuric acid depends to a large extent on the 
fineness to which the rock is ground (18, 28). Present 
practice is to grind the rock so that approximately 90 per cent 
will pass a 100-mesh screen v/ith 50 to 60 per cent passing a 
200-mesh screen. Acid concentration also affects the rate of 
reaction (18), the initial rate increasing as more dilute acid 
I 
is employed (29). Sulfuric acid concentrations ranging from 
62 to 72 per cent are used by the industry at the present time 
(23, 24). Use of increased acid concentrations results in 
acid to rock (liquid to solid) ratios too low for proper mixing, 
the calcium sulfate formed tending to coat the rock particles, 
thereby retarding the reaction. Use of too dilute acid in 
the present day den process results in a product of high moisture 
content and poor physical condition. Reactant acid temperatures 
of 100° to 151® F. are currently used (23). V/ith cold acid the 
reaction is sluggish whereas hot acid may result In the mixture 
of rock and acid thickening too readily (28). 
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To effect maximum conversion, adequate mixing of rock 
and acid must be accomplished. Present day industrial 
practice entails mixing for approximately one minute in shallow 
pan mixers (30). 
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MATERIALS AND PROCEDURES 
During the course of these studies, an effort was made 
to simulate as closely as possible the standard den process 
for producing ordinary superphosphate. The major exception 
is that of replacing storage-curing by a quick-curing step. 
The grade and quantity of phosphate rock and sulfuric acid 
used in the acidulation are typical of those used in present 
day industrial operations. 
Materials 
The rock phosphate used in the laboratory experiments 
was Florida land pebble rock from the International Minerals 
and Chemical Corporation mine at Mulberry, Florida. It was 
ground in a disc mill to give the screen analysis shown in 
Table I. The chemical composition of the rock given in 
Table II v;as determined by Brunsting (?)• C.P. grade sulfuric 
acid diluted to the desired concentration v/as used throughout 
the laboratory tests. 
The phosphate rock used in the initial pilot plant tests 
was Florida rook purchased already ground from the Davison 
Chemical Company at Perry, lov/a. Its screen analysis and 
chemical composition are given in Tables I and II respectively. 
Iron and aluminum oxides were determined according to the 
••20"" 
Table I 
Screen Analysis of Florida Phosphate Rook 
(Ten minutes in Tyler Ro-Tap) 
Per cent of sample 
Screen mesh Florida rock Florida rook 
used in laboratory tests used in pilot plant 
+ 6 5  0  5 . 6  
- 65 + 100 2.6 8.7 
- 100 + 150 11.0 10.8 
- 150 + 200 2J^.9 13.8 
-  200 61.5 61.1 
Table II 
Chemical Composition of Phosphate Rock 
(Dry basis) 
Constituent 
CaO 
MgO 
^2 
CO2 
P2O5 
B.P.L. 
^®2°3 
AlgO^ 
Moisture* 
Per cent 
Florida rock 
used in laboratory tests 
^3.6 
0.32 
3.38 
2.42 
32.4 
70.8 
0.89 
0.81 
0.54 
Florida rock 
used in pilot plant 
3^.5 
75.^ 
0.85 
0.60 
0.57 
*As received basis. 
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methods of the Association of Florida Phosphate Mining Chemists 
(2). All other analyses v;ere made according to the Association 
of Official Agricultural Chemists Methods of Analysis ( 3 ) .  
Teohnlcal grade sulfuric acid was diluted to the desired con­
centration for use in the pilot plant runs. 
Acidulation of Phosphate Rock 
The superphosphate for quick-curing was made "by mixing 
sulfuric acid at the desired temperature and concentration 
with phosphate rock at room temperature in the proportions 
normally employed by industry for rock of this grade (an 
acidulation ratio of I.8I pounds HgSO/i, per pound of P20^). 
In the initial experiments mixing v/as carried out for 5 
minutes in a sigma blade mixer of 3 to pounds capacity. 
However, it was found that better mixing resulted by the use 
of a standard household mixer (Sunbeam Mixmaster model 9) 
and further mixes were made using this device. The acid v/as 
weighed out into a 1000 ml. beaker and heated to the desired 
temperature; I30® F. unless otherwise noted. The phosphate 
rock was then added to the acid and mixing continued for two 
minutes at the number speed setting on the mixer. The two 
beaters of the mixer revolved in opposite directions at a speed 
of 600 r.p.m. at this setting. 
After mixing, the slurry was transferred to a shallow 
pan, where it was allov/ed to solidify at room temperature. 
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Follov/lng adequate solidlfcation, (sufficiently solid to 
prevent excessive agglomeration when placed in the drier) the 
fresh superphosphate vas forced through a screen having 3/8 
inch openings to produce a material of convenient sizse for 
curing. The superphosphate was then ready for the quick-curing 
step. A sample taken at this point v/as analyzed for ^ 2^5 
availability and moisture approximately six hours after the 
expiration of the drying test. 
Quick-Curing of Superphosphate 
Small scale elevated temperature curing tests entailed 
treating the fresh superphosphate with: (1) hot combustion 
gases, (2) hot gas-steam mixtures, or (3) superheated steam. 
The tests employing hot combustion gases and hot gas-
steam mixtures were made in a laboratory size Roto-Louvre 
drier (12) I3 inches in diameter and 3 1/8 inches long. The 
drier rotated at 7*^ revolutions per minute and had provision 
for admitting hot gas or hot gas-steam mixtures into the 
louvres. Figure I-A shows an overall view of the laboratory 
Roto-Louvre drier. A side view of the drier illustrating the 
manner in v/hich the hot gases enter the drier and pass up 
through the bed of material is given in Figure I-B. The posi­
tion of the thermometers used to record inlet air, exit air, 
and product temperatures is also shown in this sketch. Figure 
I-O presents a cross section of the drier further illustrating 
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Its conatruotlon and showing the flow of gases up through the 
"bed. The hot gases passing through the inlet air manifold 
enter the drier louvres by means of 1/2 inch holes drilled 
along the circumference of the back of the drier. The drier 
is so constructed that as it rotates the hot air enters only 
those louvres covered by the bed of material in the drier. 
The hot air must pass up through the bed before being exhausted. 
Curing experiments using super-heated steam v/ere made in 
an apparatus previously described by Mills (26). The apparatus 
consisted of a curing chamber fashioned from a 20 inch length 
of 4 inch standard pipe, capped at both ends and fitted with 
a thermometer v/ell, steam supply, and vent. This section of 
pipe was enclosed in a gas fired oven with one end protruding 
through a side wall. Steam was super-heated in approximately 
30 feet of copper tubing placed in the lower portion of the 
oven. 
Tests using hot combustion gases as the curing medium 
were carried out by placing two pound batches of fresh super­
phosphate into the drier and drying at a constant product 
temperature until the material had reached a constant moisture 
content. The superphosphate formed a bed approximately three 
inches deep v/hen placed in the drier. It was maintained at 
the desired constant temperature by continually adjusting the 
inlet-gas temperature. Superphosphate temperature was 
measured by a thermometer placed as close as possible to the 
center of the bed of material in the drier. 
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The superphosphate temperature measured in this manner 
is not the true product temperature, hut some temperature 
intermediate between the temperature of the outside of the 
superphosphate particles in contact with the thermometer bulb 
and the hot gases passing up through the bed. At the beginning 
of the drying test the difference between the measured and true 
product temperatures is probably greater than after drying has 
been carried out to some extent, moisture being readily driven 
from the surface of the particles at the start of the drying 
operation. As drying is continued the temperature gradient 
through the superphosphate particle is gradually decreased, and 
when equilibrium is reached the difference between measured 
and true product temperature is at a minimum. Exit air temper­
atures were measured by a thermometer placed approximately 2^ 
inches above the product in the drier. After the product had 
been heated to the measured constant product temperature the 
exit gas temperature was approximately 3 ^0 degrees lower 
than the measured product temperature indicating that excellent 
heat transfer betv;een the inlet gas and material in the drier. 
In the pilot plant, product temperatures measured in the dis­
charge end of the drier and in the discharge hood indicated 
that the product temperature measured in the discharge hood was 
approximately 30 to ^l-O degrees lower than the product temperature 
measured in the drier. This same relation between measured and 
true product temperature probably exists in the laboratory drier. 
As drying continued, samples of superphosphate were with­
drawn periodically and tested for moiatiire content. The sample 
for P2^5 analysis v/as taken at the point where the material 
first attained constant moisture. The data for tvjo typical 
tests at different curing temperatures are shown in Table III. 
The data for the test in which superphosphate was dried at a 
product temperature of 125° F. are plotted in Figure II. 
In the studies where hot gas-steam mixtures were used as 
the curing medium, the treatment was divided into three parts. 
(1) Two pounds of fresh superphosphate was placed into the 
drier and preheated to a desired product temperature by use 
of hot combustion gases. The preheating treatment v/as neces­
sary to prevent agglomeration of the material upon admission of 
steam to the inlet gas stream as described in the next step. 
A sample v/as v/ithdravm for analysis at this point. (2) Steam 
was admitted to the inlet gas stream to give the desired com­
position and temperature. The superphosphate was then treated 
with the hot gaa-steara mixture for one hour or until agglomera­
tion became excessive. A sample was then taken for analysis. 
(3) The steam supply was then shut off and the material dried 
for one hour at a constant product temperature of 150*^ F. or 
with air at room temperature as noted. A sample of the dried 
superphosphate was taken for analysis. 
Curing tests employing superheated steam treatment were 
carried out in the apparatus previously described. Tv/o hundred 
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Table III 
Drying Tests in Laboratory Roto-Ioiorre Drier 
Product temperature, 125® p. Product tenqs 
Drying 
time 9 
min* 
Stqperphosphate 
temp.. Op. 
Inlet-gas 
tenp'., ®F« 
Exit-gas 
ten?)., 
Dried 
sas^le 
moisture, % 
Drying 
time, 
min. 
Supez^hos^at 
tenp., 
0 11.4 0 
30 124 239 126 6.6 30 180 
60 125 186 126 3.9 45 201 
80 125 185 124 3.4 55 203 
90 125 185 123 2.8 65 201 
100 126 183 123 2.6 75 201 
110 125 174 125 2.6 90 200 
120 124 181 123 2.6 100 201 

Table III 
Drying Tests in Laboratory Roto-Loiwre Drier 
Product tenqperature, 200® F. 
Exit-gas 
benp., ?F« 
Dried 
sample 
moisture^ % 
Drying 
timOf 
nin. 
Stqpexphos^ate 
teap., 
Inlet-gas 
ten^ ).', 
Exit-gas 
ten^ ).-, ®F.' 
Dried 
sample 
moisture,^ 
* 
11.4 0 12.8 
126 6.6 50 180 565 172 2.5 
126 5.9 45 201 545 124 1.7 
124 ' 5.4 55 205 520 189 1.0 
125 2.8 65 201 517 184 0.9 
125 2.6 75 201 527 184 0.8 
125 2.6 90 200 517 1^ 0.8 
125 2.6 100 201 525 154 0.8 
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grams of fresli superphosphate vrere placed into a wire basket 
V/'hich in turn was placed into the curing chamber. The super­
phosphate was treated with superheated steam at the desired 
temperature for one hour. A sample v/as then taken for analysis 
and the remainder of the material dried for one hour using air 
at room temperature. A sample of the dried product was also 
taken for analysis. 
To investigate the effect of storage on conversion of 
quick-cured superphosphate, the dried samples taken from the 
drier vrere stored at room temperature in beakers covered with 
watch glasses and analysed for conversion and moisture after 
varying lengths of storage. In the hot gas-steam mixture 
curing tests, samples withdrawn after the final drying step 
x;ere stored in a like manner and analyzed after varying storage 
times had elapsed. Similar studies on superphosphate treated 
T/ith superheated steam v/ere also made. 
Samples of superphosphate, taken prior to the treatments 
described above, were stored in covered beakers at room temper­
ature for 30 days and then analyzed for conversion and moisture 
content. These samples served as a control to indicate the 
conversion of superphosphate obtainable by storage curing. 
Product Evaluation 
The samples, taken at the points indicated above, were 
analyzed for total, water soluble, and citrate insoluble ^3^5 
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accordlng to the Aasociatlon of Official Agricultural Chemists 
Methods of Analysis. The A.O.A.O. procedure of drying at 212° F. 
for 5 hours was used for the moisture analysis. Free acid de­
terminations v/ere made by the acetone extraction method of 
Hill and Beeson (1^). Conversion of the P2O5 in the quick-
cured and control samples was calculated from the analysis 
given above by dividing the percentage of available p2®5 
the percentage of total ^ 2^5 superphosphate. 
Superphosphate made during the early history of the 
industry frequently contained high amounts of moisture and free 
acid, causing the finished material to cake on storage. Better 
control of operating variables has eliminated this difficulty 
to a la.rge extent. Methods have been devised to determine 
the caking tendency of superphosphate fertilizers (1, 34). A 
modification of these procedures, in that pressure was applied 
by dead v/eight, was used to determine the caking tendency of 
quick-cured superphosphate. Approximately 75 grams of super­
phosphate, passing ^0 mesh and of knovm moisture content, was 
placed in a inch length of copper tubing 2 Inches in diameter. 
Weighed pistons capable of exerting 12.5> 30, and 60 pounds 
per square inch pressure on the samples were set into the tubing 
and allowed to remain there until the expiration of the desired 
testing time. At this time any cakes formed were wlthdravm 
from the apparatus and crushed by the use of a Carver hydraulic 
press. Crushing pressures were recorded and used as a basis 
for indicating caking tendency of the superphosphate. 
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As pointed out by Adama and Ross (1), drlllaliility of 
fertilizers may be Impaired by successive hydration and de­
hydration of the material on storage In an atmosphere of 
fluctuating humidity and temperature. Tests to determine the 
moisture absorption characteristics of the quick-cured super­
phosphate were made in an apparatus similar to that described 
by Yee and Davis (36). Four grams of superphosphate, passing 
40 mesh, was v/elghed into sample dishes 2 Inches In diameter 
and 7/16 inch deep. The surface of the material v/as leveled 
by a spreading device and a one pound weight placed on the 
sample for 1 minute to insure the same degree of packing for 
all samples. The samples were then placed in the humidity 
chamber and exposed to air at 30 i 1® C. and 72.5 per cent 
relative humidity. Periodic v^elghings were made until equi­
librium moisture absorption was reached. The per cent gain in 
weight of the samples after equilibrium had been attained was 
taken as a measure of their moisture absorption tendency. 
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EXPERIMENTAL RESULTS 
In the manufacture of ordinary superphosphate the rock 
phosphate is most widely treated with 71 to 72 per cent 
sulfuric acid at 130*^ F. using an acidulation ratio of about 
1.8 pounds of H2S02^ per pound of ^ 2^5' initial experi­
ments the superphosphate for quick-curing was prepared under 
the acidulation conditions stated ahove. Changes in these 
I 
conditions were made only after the experimental results had 
indicated that a satisfactory quick-cured product could not 
"be made "by using these conditions. Although the acidulation 
conditions v;ere altered by using different acid concentrations 
and temperatures, In no case v/as there a change in the total 
amount of sulfuric acid to rock used in the acidulation. 
Quick-Curing of Superphosphate Made v/ith 71«8 
Per Cent Sulfuric Acid 
Drying v/ith hot combustion gases 
Fresh superphosphate made v/ith 71-8 per cent E2^^l4. 
dried to constant moisture at product drying temperatures rang­
ing from 125° to 275® F. The composition of the fresh and 
dried superphosphate is given in Table IV. The time for attain­
ing constant moisture varied from 6o to 100 minutes. As noted 
Table IV 
Drying of Superphosphate Made v/ith 71.8^ H2SO2J, 
Aoidulation 1^81 ' ^2804 Acid temperature 130° P. 
lb. PgO^ 
Product drying temp., F. 125 
Inlet-air temp., 
Exit-air temp., ®F. 
Time to reach constant 
moisture, min. 100 
150 175 200 225 250 275 
296-181 296-213 309-28i^ 365-323 
129-10^ 147-136 164-127 189-148 
392-352 464-445 522-507 
208-162 218-144 251-180 
Composition of fresh superphosphate 
Total P2O5, % 
Citrate insoluble P2O51 
Available P20^, % 
Conversion,^ 
Free acid (p2^5)» ^ 
Moisture, % 
19.7 
3,5 
16.2 
82 
7.3 
11.8 
85 
20.1 
3.7 
16.4 
82" 
8.9 
11.4 
95 75 65 
Composition of dried superphosphate 
P2O5. Total 
Water soluble P2O5, % 
Citrate insoluble P2O51 
Available P2O5, % 
Conversion,^ 
Free acid (P20^), % 
Moisture, % 
Composition of dried product after 1 day.storage 
Total P2G5, I0 
Water soluble P2O3, % 
Citrate insoluble P2O5* 
Available '^ 2^ 5* ^  
20.8 
16.6 
3.0 
17.8 O tf 
21.1 
16.3 
3.7 
17.4 
20.9 
16.8 
3.5 
17.4 
ah. 
21.0 
16.3 
3.1 
17.9 
R< 
80 
19.5 
3.3 
16.2 
83 
9.2 
12.4 . 
60 
20.4 20.9 21.3 21.1 20.6 21.0 21.1 
15.8 16.0 : 16.0 15.8 . 15.2 13.2 9.8 
3.2 3.7 . 3-7 3.6 3.7 3.4 3.6 
17.2 17.2 17.6 17.5 17.9 17.6 17.5 
84 . 82 83 83 82 84 83 
4.6 4.8 4.4 4.6 5.8 4.4 5.4 
2.6 1.95 1.35 0.8 0.4 0.1 0.0 
21.1 
12.0 
3.5 
17.6 
84 

20.8 
16.6 
3.0 
17.8 
85 
5.8 
2.5 
Total P205» ^ 
Water soluble P2G5, % 
Citrate insoluble 
Available P2O5, % 
Conversion,•% 
Free acid (PgO^),^ 
Moisture, % 
!i?otal P205» f> 
V/ater soluble P20^,^ 
Citrate insoluble P20<» % 
Available P2O5, % 
Conversion, % 
Free acid (P20^), % 
Moisture, % 
Total P205» % 
Water soluble P205» ^  
Citrate insoluble P2O5, % 
Available P205» % 
Conversion, % 
Free acid (P20^), ^  
Moisture, % 
Composition of dried product after 
Total P2Q5» % 
Water soluble P2O5, % 
Citrate insoluble P20^, % 
Conversion, % 
Free acid IP2C5)% % 
Mbisture i % 
Total P2O5, % 
Citrate insoluble P205t % 
Water soluble P2O5» % 
Available P20^, % 
Conversion,^ 
Free acid It?20c) , % 
Moisture, % 
21.1 
16.3 
3.7 
17.-^  
83 
6.0  
2 .0  
20.9 
16.8 
3.5 
17. 
Sij-
4.8 
1.7 
21.0 
16.3 
3.1 
17.9 
85 
5.4 
1.5 
21.1 
12.0 
3.5 
17.6 
8i^  
5.2 
0,2 
after 1 week storage 
-
20.5 20.3 20.7 21.0 • 20.8 20.9 21.0 
16.3 16.0 16.5 16.3 15.5 15.0 13.1 
2.8 3.1 3.0 3.0 3.^ 3.3 3.3 
17.7 17.2 17.7 18.0 17.4 17.6 17.7 
86 a5 85 • 87 84 85 84 
5.4 5.8 4.8 4.7 5.4 4.1 4.4 
2.5 2.1 1.8 1.4 0.8 0.5 
after 2 weeks storage 
20.3 20.5 20.5 20.5 20.6 21.0 21.1 
16.3 16.1 16.4 16.5 15.5 15.1 13.5 
2.7 3.0 2.9 2.8 2.8 2.8 3.0 
17.6 17.5 17.6 17.7 17.8 18.2 18.1 
87 85 85 87 86 87 86 
5.0 5.4 4.6 4.9 3.4 4.6 
2.7 2.1 1.7 1.6 1.3 1.6 
1 month storage 
•20.6 20.2 20.6 20.5 20.1 20.5 21.0 
16. if 16.2 16.2 16.2 16.5 15.0 13.4 
2.6 2i3 2.4 2.4 2.5 2.4 2.6 
88 88 88 88 87 88 88 
3^6 3^3 3.2 3.1 3.4 2.9 3.3 
2.5 2.3 2.0 2.3 1.8 1.9 2.3 
s after 1 month 
20.6 20.4 ' • • 20.8 20.7 
0.8 0.6 0.6 0.5 
17.0 16.9 17.2 17.3 
19.8 19.8 20.2 - 20^2 
96^0 97.0 97.0 • 98.0 
1.9 1.4 1.5 1.6 
2.5 2.9 2.8 2.6 
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In Table IV the decline in drying time with increased product 
drying temperatures was not constant. This irregularity may 
be explained by pointing out that the superphosphate admitted 
to the drier did not agglomerate to the same degree in all 
the tests. Thus, where agglomeration to a larger degree took 
place the time to reach constant moisture increased correspond­
ingly. The constant moisture content ranged from 2.6 at a 
product drying temperature of 125° F. to 0 at a product tem­
perature of 275° F. 
A plot of constant moisture versus product drying temper­
ature is given in Figure III. The conversion of the dried 
products was about 83 to 84 per cent and did not vary with 
product drying temperature. An increase of from 1 to 2 per 
cent in conversion was accomplished during the drying opera­
tion. Above a product drying temperature of about 225° F., 
the water soluble P2O5 content of the dried products decreased 
rapidly. Up to 225° F., the dried superphosphate contained 
approximately 15 to 16 per cent water-soluble P2^ 5' 250° F. 
the water-soluble ^2^5 13>2 per cent and at 275° F. only 
9.8 per cent water-soluble P2®5 Present in the dried product. 
The free acid content of the dried products ranged from approx­
imately 4 to 5 per cent and did not vary appreciably with 
product drying temperature. Figure IV presents graphically 
the relation between conversion, water-soluble ^ 2^5* free 
acid in the dried products as a function of product drying 
< > > 
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temperature. The data presented Indicate that as the drying 
operation removed moisture from the superphosphate, the re­
action between rock and acid v/as for all practical purposes 
halted. The dried products showed approximately I3 per 
cent less conversion than the control samples (no heating) 
v;hich v/ere storage cured at room temperature for thirty days. 
Typical analyses of control samples are given in Table IV. 
The effect of storage on conversion of the dried products 
discussed above was investigated. Samples were analyzed at 
the end of one day, one v;eek, two weeks, and one month storage 
periods at room temperature in open containers. The results 
of this study are presented in Table IV. The conversion of 
the dried products increased by about 4 per cent to values 
of Q6 to 88 per cent after one month storage. The water-
soluble P2O5 content increased by about one per cent on storage 
for one month. The free acid content decreased gradually on 
storage to values of about 3 per cent after one month. The 
data show that after storage for one month the conversion of 
the dried products was still about 10 per cent lower than 
that of the control samples. A plot of conversion, water-
soluble P2®5 free acid after one month storage versus 
product drying temperature is also given in Figure IV. Figure 
III shows a plot of the moisture content after 30 days 
storage. All of the dried samples after 30 days storage had 
moisture contents in the range of 2 to 2.5 per cent. These 
moisture contents are in the same range as the moisture 
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% 
content of the control samples which vrere not heated. 
The effect of Increased acldulation on conversion of 
dried superphosphate was also studied. Superphosphate was 
made using an acldulation ratio of I.83 pounds of H^SO^ per 
pound of P2O5 dried at constant product temperatures rang­
ing from 125° to 250° F. The results of these tests are shown 
In Table V, The results are similar to those shown in Table 
IV except that slightly higher conversions v/ere obtained be­
cause of the use of more acid. 
Table V 
Effect of Product Drying Temperature on Conversion 
of Superphosphate Made with 71*8^  ^ 28011, 
Acldulation 1-83 lb. 
lb. P2O5 
Acid temperature I30® F. 
Product drying temp., °F, 125 200 250 
Time to reach constant 
moisture, min. 150 105 75 
Total P2O5, ^  21.1 21.1 20.2 
Citrate Insoluble P205» ^ 3.2 3.1 
Available P205» ^ 17.1 17.9 17.1 
Conversion, ^  81 85 85 
Free acid (as P20^), ^  5.6 4.0 3.3 
Moisture, fa 2.8 0.6 0.4 
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During the course of the above tests, the fresh super-? 
phosphate admitted to the drier assumed an excellent granular 
form. No sticking or caking of the material in the drier was 
noted. A process producing a quick-cured and granular super­
phosphate in one operation would "be hi^ly desirable. 
The data obtained from the above tests showed that v/hen 
fresh superphosphate was dried v/ith hot combustion gases 
only small increases in conversion were realized dxiring the 
drying operation. This would indicate that as the drying 
operation removed moisture from the superphosphate, the re­
action between the phosphate rock and sulfuric acid was for 
all practical purposes halted. Therefore, it was decided to 
carry out during tests using,hot gas-steam mixtures of vary­
ing composition and temperature as the curing medium. It 
was hoped that by use of this type of treatment the super­
phosphate would retain a high amount of moisture and thus 
shov/ increases in conversion. 
Guring with hot pras-steam mixtures 
Fresh superphosphate made with 71.8 per cent sulfuric 
acid, after preheating to 150-16?® P., was treated with air-
steam mixtures ranging in temperature from 176° to 302° P. and 
moisture content from 25 to 6o per cent. After treatment with 
the air-steam mixtures for one hour (or until excessive 
agglomeration occurred) the superphosphate v/as dried at a 
rrl^O-
constant product temperature of 150° F. or by use of air at 
room temperature. Samples were analyzed for conversion after 
the preheating period, the air-steam treatment and the drying 
period. The results of these studies appear in Tahle VI. 
The data obtained indicate that treatment x^ith air-steam 
mixtures results in increased conversion of the superphosphate. 
Figure V shovrs the relation "between moisture content at the 
end of steam treatment and conversion of the superphosphate. 
Samples analyzed after the air-steam treatment showed in­
creases in conversion ranging from 1 to 12 per cent depending 
on the temperature and composition of treating medium. The 
largest increase in conversion was obtained when the super­
phosphate was treated with air at 250° F. containing 50 per 
cent moisture. The lowest increase was noted v/hen the super­
phosphate was treated Vfith air at 284-° F. containing 25 per 
cent moisture. In general the greatest increases in conver­
sion were obtained when the superphosphate retained a high 
moisture content during the air-steam treatment. Conversely, 
the smaller increases in conversion were noted where drying 
of the superphosphate took place during treatment. Drying 
the superphosphate after air-steam treatment resulted in a 
decrease of from 1 to 3 per cent in conversion. The same 
decrease was noted when the air-steam treated material v/as 
dried for one hour at a constant product temperature of 
150° F. or v/ith air at room temperature. 
Samples of superphosphate taken after the drying step 
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Table VI 
Treatment of Superphosphate ydth Hot Gas-S 
Acidulation 1.81 HgS04 tenroer 
lb. PgOs • 
Tenp. of 
air-steam 
mixture, ®F. 
Prod. 
tenp. j  
OF. 
Total PgOg, % Conversion, % 
Heated Steamed Dried S^ bored Hea^ bed Steamed Dried 
Stqperphosphate treated •with 25^ water va^jor in air® 
176 176-194 20.7 20.3 21.2 21.1 82 90 89 
194 180-194 20.8 20.3 20.7 21.6 84 90 87 
209 180-199 20.5 19.9 20.3 20.9 81 91 91 
227 181-189 20.5 20.2 21.3 20.6 83 91 91 
250 190-205 20.2 21il 82 86 86 
266 .205-210 20.5 21.1 21.6 21.2 83 86 86 
284 201-216 20.5 20.9 21.4 21.3 83 85 85 
Superphosphate treated •with 50^ water vaqoor in air 
250 189-210 20.2 20.9 21.5 79 92 88 
248 210-230 20.8 20.2 21.5 21.5 92 88 
266 224-230 20.3 20.5 21.1 21.4 79 89 88 
284 234-259 19.8 20.8 21.0 20.6 81 86 86 
302 230-262 20.4 20.9 21.8 21.6 84 88 88 
St^ jerphosphate treated •with 60^ Twa-ber, vapor in airlJ 
248 221-230 21.4 20.5 20.5 22.0 84 92 87 
266 234-252 20.9 21.4 21.7 - 21.4 85 88 88 
284 239-255 20.8 21.4 21.6 21.0 82 87 85 
302 241-277 19.8 21.8 21.8 21.2 80 86 86 
Sv^ jerphosphate treated •with 100^ steam 
125-103^  21&-226 20.8 19.6 20.8 20.9 85 90 89 
temperature of inlet steam fell gradually during run. 
®Steam treated s\:5>erphosphate dried at prodnOt teniperature of 150° F. 
^Steam treated st^jerphosphate dried using air at room ten^jerature. 
e^r cent moisture by weight. 

Table VI 
Treatment of S\;5jerphoBphate Ydth Hot Gas-Steam Mixtures 
Acidxaation 1.81 Acid temperature 150° F. 
lb. PgOs  ^
L PgOg, % Gonversioni % Moisture 
ned • Dri.ed Stored Heated Steamed Dried Stored Heated Steamed Dried stored 
r vapor in air® 
.3 21.2 21.1 82 90 89 97 4.1 11.6 5.^  1.8 
.3 20.7 21.6 84 90 87 94 4.7 10.7 4.^  2.6 
.9 20.3 20.9 81 91 91 97 5.1 10.9 5.7® 2.0 
.2 21.3 20.6 83 91 91 96 7.2 8.9 6.^ . 2.7 
20.2 21il 82 86 86 89 5*0 5.3 2.1® 2.6 
,.l 21.8 21.2 83 • 86 86 86 6.0 4.4 2.3° 2.7 
.9 21.4 21.3 83 85 85 87 5.0 3.1 1*8^ 2;4 
r vepor in air® 
u2 20.9 21.5 79 92 88 91 6.4 8.9 3.1® 2.0 
1.2 21.5 21.5 92 88 90 3.9 8.5 2.3G 2.4 
1.5 21.1 21.4 79 89 88 89 5.9 6.2 2.8® 2.2 
1.8 21.0 20.6 81 86 86 87 6.5 2.9 1.9° 2.5 
1.9 21.8 21.6 84 88 88 89 5.1 2.5 l.lC 1.9 
ir, vapor in air® 
>.5 20.5 22.0 84 92 87 90 3.6 7.5 2.4® 1.9 
L.4 21.7 21.4 85 88 88 90 4.9 - 2.9 I.4C 2.4 
L.4 21.6 21.0 82 87 85 88 4.3 2.9 0.7° 2.5 
L.8 21.8 21.2 80 86 86 87 5.7 1.8 0.8° 1.8 
>am : 
).6 20.8 20.9 85 90 89 96 6.8 11.2 5.5° 4.3 
LL gradually during run. 
Iried at produot temperature of 150° F. 
iried using air at room tert^ jerature. 
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were analyzed follov/lng thirty day storage at room tempera­
ture. As Indicated in Tahle VI, samples containing approximate­
ly 5 per cent or more moisture after the drying step increased 
substantially in conversion on storage. These samples, after 
storage, showed approximately the same conversion as that of 
the control samples. The samples containing about 3 per cent 
or less moisture after drying increased slij^tly in conversion 
following storage, but did not approach the conversion of the 
control samples. A plot of conversion of stored samples 
versus moisture content at time of storage is given in Figure 
VX. These data would again appear to indicate the important 
role that moisture plays in the curing reaction. 
The experiments on curing of superphosphate by use of 
hot gas-steam mixtures as the curing medium Indicated that 
conversion of the superphosphate was Increased as more moisture 
was introduced into it* However, in most oases where a large 
amount of moisture (9-11 per cent) was added to the super­
phosphate some sticking and caking to the drier louvre was 
noted. For these reasons it v/as decided to carry out experi­
ments wherein the superphosphate was treated v/ith super­
heated steam of varying temperatures. 
Curing with superheated steam 
Fresh superphosphate made v/ith 71,8 per cent H2S0i^ was 
treated fbr one hour v/ith superheated steam ranging in tempera-
AFTER STORAGE 
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Fig. VI Effect of Moisture Content on Conversion of Dried 
anc' Stored Superphosphate 
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ture from 266° to 3ij'3° F. This aeries of tests was performed 
in the steam chamber previously described and not in the 
Roto-Louvre drier. Following steam treatment the super­
phosphate was dried in the Roto-Louvre drier using air at 
room temperature. The data for these studies are presented in 
Table VII. 
Follov/ing steam treatment the superphosphate shov/ed In­
creases in conversion ranging from 5 to 9 per cent. Con­
versions of about 92 to 93 per cent were obtained when steam 
temperatures of 266° to 329° F. were used. A conversion of 
about 89 per cent was obtained using steam temperature of 
3^3° F. Drying of the superphosphate after steam treatment 
resulted in a decrease in conversion of about 1 to if per cent. 
Portions of the samples withdrawn after the steam treat­
ment and stored for thirty days at room temperature showed 
increases in conversion ranging from 3 5 per cent. The 
stored samples showed approximately the same conversion as 
that of the control samples. 
Figure VII presents a plot of conversion in the various 
samples discussed above versus steam temperature. The above 
experiments indicated that superphosphate treated v;ith super­
heated steam up to temperatures of about 320° F. increased 
in conversion by approximately 8 per cent. Treatment with 
higher steam temperatures resulted in a smaller increase in 
conversion. 
—^6— 
Table VII 
Superphosphate Treated In Superheated 
Steam Atmospheres of Varying Temperature 
Acldulatlon 1.81 
11d« ^2^5 
Steam temp., F. Control^ 266 290 3I8 343 
Composition of superphosphate to steam chamber^ 
% Total PpOv, 
Citrate irtaoluble 
Available PgOt, % ^ 
Conversion, % 
Moisture, % 
19.9 
3.2  
16.7  
83.7 
8.4 
Composition after steam treatment for one hour 
Total P2®5» ^ 
Citrate insoluble PoOn, % 
Available P2O5, % ^ 
Conversion, % 
Moisture, % 
Composition after drying 
Total PoO^, % 
Citrate insoluble P 
Available P205» ^ 
Conversion, % 
Moisture, ^  
% 
Composition after one month storage 
Total PgO^, % 
Citrate insoluble P20^» % 
Available ^ 
Conversion, % 
Moisture, % 
19.9 20.3  20.7 21.6  
1.5 1.5 1.6  2.4 
18.4 18.9 19.1  19.2  
92 93 93 89 
9.8 9.8 7.6 3.2  
21.1 21.4 21.4 21.4 
2.1  2.4 2.6  2.5 
19.0 19.0 18.8 18.9 
90 89 88 89 
6.7  5.4 4.9 4.1 
itor
20.3 20.3 20.6 21.7  20.7  
0.6 0.6 0.8 1.0  1.4 
19.7 19.7 19.8 20.7 19.3 
97 97 96 95 94 
3.6  2 .5  2.2 1.9  3.4 
•'^ Fresh superphosphate same for all runs. 
^Superphosphate stored 30 days at room temperature. 
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Effect of Reaotant Acid Concentration on. Conversion 
of Quick-Cured Superphosphate 
The previous studies on use of hot gas-steam mixtures 
and superheated steam as curing media indicated that super­
phosphate moisture content played an important part in bring­
ing about increases in conversion. Therefore, it was decided 
to make a study of the effectof reactant acid concentration 
on conversion of quick-cured superphosphate. 
The range of sulfuric acid concentrations was extended 
to include acid concentrations as low as per cent H2SO21,. 
An acidulation ratio of 1.81 lb. per lb. P20_5 was main­
tained throu^out these tests. The mixing procedure was iden­
tical to that previously described. After solidification, v/hich 
varied in time from 1 to 3 days depending on the acid concentra­
tion employed, the material was disintegrated and dried to 
constant moisture at product temperatures ranging from 125-225'' F. 
The data for these studies are presented in Tables VIII through 
XII. 
The data indicate that use of acid concentrations lower 
than 71*8 cent in the initial acidulation produced a fresh 
superphosphate ready for drying which had a higher conversion 
than the fresh superphosphate prepared v/ith 71.8 per cent H2S0j[|,. 
The conversion of the fresh superphosphate prepared v/ith 71-8 
per cent acid was about 82 per cent, whereas the same material 
produced with acid concentrations of 60 to 40 per cent H2S0ji|, 
-49-
Table VIII 
Drying of Superphosphate Made with 60% H2S0i(, 
Acidulation 1.81 1^-
lb. P2O5 
Acid temp. 130° F. 
Composition of control after 30 days storage 
Total P205» i 20.3 
citrate insoluble P205> ^ 0-3 
Available P205» ^ 20.0 
Conversion, % 98 
Moisture, % 2.9 
Product temperature, °F. 125 175 225 
Inlet air temp., °F. 293-163 415-253 478-383 
Exit air temp., °F. 112-130 125-164 131-208 
Time to reach constant 
moisture, min. 110 85 60 
Composition of material to drier after 
solidification time 
1 day 
Total P2O5, % 
Citrate insoluble P20^» % 
Available P205» % 
Conversion, % 
Moisture, ^  
17.9 
1.9 
16.0  
89 
15.0  
19.1 
1.5 
17.6 
92 
15.2 
17.7 
1.9  
15.8  
89 
16.1 
Composition of dried product 
Total 'PoOcf % 
Citrate insoluble P20';» % 
Available P2O5, $ 
Conversion, % 
Moisture, % 
20.4 
2.0 
18.4 
90 
4.2 
21.4 
1.6 
18.8 
92 
1.4 
21.4 
1.9 
19.5 
91 
1.3 
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Table IX 
Drying of Superphosphate Made v;ith S5% H2SO/,, 
Aoidulation 1.81 Id.  P2O5 
Acid temp. 130° F. 
solidification time 
Total PpOtf, % 
Citrate insoluble ^ 
Available '^2^5* ^ 
Conversion, ^  
Moisture, > 
Composition of dried product 
Total ^ 
Citrate insoluble P2O5, ^  
Available P205» ^ 
Conversion, ^  
Moisture, ^  
Composition of control after 30 days storage 
Total PgOti, ^  19.9 
Citrate insoluble P20<, ^  0.2 
Available P2O5, ^  19.7 
Conversion, ^  99 
Moisture, ^  3.6  
Product temperature, °F. 150 175 204 
Inlet air temp., °P, 336-202 ^15-261 475-296 
Exit air temp., °F, 138-li|.lj. 138-164 133-172 
Time to reach constant 
moisture, min. 120 80 60 
Composition of material to drier after li days 
17.1 17.7 17.5 
1.5 1.5 1.5 
15.6 16.2  16.0  
91 92 91 
18.7  17.2 16.1  
19.6  20.5  20.9  
1 .1  1*4 1.7  
18.5 19.1 19.2  
94 93 92 
6.5* 3.6 1^5 
This value is not constant moisture. 
Table X 
Drying of Superphosphate Made with 50% 
Acldulation 1.81 
Ih. ^ 2^5 
Acid temp. 130° F. 
Product temperature, °P. 125 175 225 
Inlet air temp., °F. 316-180 ^08-280 507-410 
Exit air temp., ®P. ] 
Time to reach constant 
moisture, rain. 
Composition of material to dri( 
solidification time 
Total PoOs, ^  
Citrate insoluble P2O15, ^  
Available P2O51 ^  
Conversion, ^  
Moisture, ^  
Composition of dried product 
Total P2O5, ^  
Citrate insoluble, P20^» ^ 
Available P2O51 ^  
Conversion, ^  
Moisture, % 
Composition of control after 30 days storage 
Total P2O5, ^  19.1 
Citrate insoluble P20^» ^ 0.1 
Available P205» ^ 19-0 
Conversion, ^  99.5 
Moisture, ^  7*9 
'-127 104-159 136-194 
95 70 60 
after 2 days 
17.0 16.2  17.0  
1 .6  1 .6  1.5 
15.4 14.6 15.5 
91 90 91 
19.0  19.2  17.5 
20.1  20.5  20.4 
1.4 1-3 1.4 
18.7 19.2  19.0  
93 94 93 
3.3 1.9  0 .8  
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Table XI 
Drying of Superphosphate Made with H2SO2,, 
Aoidulation 1.81 ^2^^^ 
lb. 
Acid temp. 130° F. 
Product temperature, °F. 
Inlet air temp., °F. 
Exit air temp., ^ F. 
Time to reach constant 
moisture, mln. 
solidification time 
Total P2O5, % 
Citrate insoluble P205» % 
Available P205» % 
Conversion, % 
Moisture, ^  
OompoBltion of dried product 
Total '£'2^ 5*  ^
Citrate insoluble, P2^'5» ^ 
Available P2O5, ^  
Conversion, ^  
Moisture, ^  
Oompoaition of control after 30 days storage 
Total PoOtf, fo 16,9 
Citrate insoluble P20<:i ^ 0.0 
Available P2O5, % I6.9 
Conversion, % 100 
Moisture, % 15*0 
134 175 225 
302-176 414-315 476-374 
125-136 129-169 140-211 
120 75 90 
drier after 2 days 
15.3 15.3 14.9 
1.6  1.5 1.6  
13.7 13.8  13.3 
90 91 89 
21^.7 23.2  25.0  
18.8 20.1 19.9 
0.8 1.3 1.4 
18.0 18.8 18.5 
96 94 93 
9.5 3.6  2.4 
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Table XII 
Drying of Superphosphate Made with H2S0i^ 
Acidulation 1.81 
lb. P20^ 
Aoid temp. 130° F. 
Product temperature, "F. 
Inlet air temp., °F. 
Exit air temp., °F. 
Time to reach constant 
moisture, min. 
Composition of material t( 
solidification time 
Total P20<, % 
Citrate insoluble '^2^5* ^ 
Available P205» ^ 
Conversion, ^  
Moisturet ^ 
Composition of dried product 
Total P2®'^» ^ 
Citrate insoluble P205> ^ 
Available P205» % 
Conversion, ^  
Moisture, ^  
Composition of control after 30 days storage 
Total P20<, ^  16.2 
Citrate insoluble P2O5, ^  0.1 
Available ^ 16.1 
Conversion, ^  99.6 
Moisture, ^  19.3 
125 175 220 
302-17^^ ^1-20-338 542-338 
118-125 130-174 150-200 
110 90 80 
drier after 3 days 
lil-i? 14.4 13.8 
1.2 1.3 1.4 
13.5 13.1 12.4 
92 91 90 
24.0 26.9  25.9 
19.6 20.0  20.7  
1.2 1.4 1.4 
18.4 18.6 19.3 
94 93 93 
9.3 3.2  0.8 
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had a conversion of approximately 90 per cent. This increase 
in conversion is probably due at least in part to the more 
intimate mixing of rook and acid v/hich can be accomplished v;hen 
more dilute acids are used. The use of more dilute acids 
produces a mixture which remains fluid for a longer period of 
time thus enabling better mixing to take place. This in­
creased conversion may also be due in part to the longer 
solidification time v/hich was necessary when lov/ acid con­
centrations were used in the mixing step. Differences in 
degree of reactivity due to the various acid concentration 
factors involved may also account in part for this increased 
conversion. 
During the drying operation the superphosphate increased 
in conversion by about 1 to 3 per cent. In general, the 
largest increases in conversion v/ere obtained when acids of 
to 50 per cent were used in the acidulation. Dried super­
phosphate showing 93 'to 9^ per cent conversion v;as produced 
when acids of to 50 per cent HgSOii, concentration were 
employed. Dried superphosphates having approximately 92 and 
91 per cent conversion were obtained v/hen 55 and 60 per cent 
reactant acid concentrations were used in the mixing step. 
Figure VIII presents a plot of dried product conversion versus 
acid concentration used in the preparation of the superphosphate. 
The points on this graph v/ere arrived at by averaging the 
superphosphate conversions obtained at the three product drying 
-55-
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temperatures studied. The data on drying of superphosphate 
made vtiih 71•8 per cent sulfuric acid has shown that product 
conversion Is not a function of product drying temperature In 
the range of 125° to 225° F., so averaging of the values of 
conversion obtained at these three product drying temperatures 
would seem permissible. Figure VIII also Includes a plot of 
control sample conversion versus acid concentration. Although 
the control samples made by using acid concentrations of 50 
per cent and less had conversions of 100 per cent after storage 
for one month at room temperature, they still contained ex­
tremely high amounts of moisture. The controls prepared by 
using 50, ^ 51 and 40 per cent contained 7»9» 15 and 19 per 
cent moisture respectively after 30 days storage. These high 
moisture contents would indicate that the compounds in the 
superphosphate were probably at their highest state of hydration. 
Effect of acid concentration on total P2Q5 content of 
superphosphate 
Figure IX shows the relation between reactant acid con­
centration and total P2O5 content of the fresh and storage 
cured superphosphate expressed on a bone dry basis. The data 
plotted in this figure Indicate that as the reactant acid 
concentration v/as increased these superphosphates contained 
higher amounts of total ^ 2^5* Since the total ^ 2^5 
are expressed on a bone dry basis this would Indicate that as 
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the reactant aoid conoentration was decreased, and more water 
introduced into the system, the compounds constituting the 
composition of the superphosphate (principally calcium sulfate 
and monocalcium phosphate) became more fully hydrated. The 
above statements pertain only to the fresh superphosphate 
prior to di-ying and the storage cured control samples. No 
such correlation could be obtained for the dried superphosphate 
samples. Some changes in the hydration of the calcium sulphate 
and monocalcium phosphate probably occurred during the drying 
operation. 
The data obtained in this study on the effect of reactant 
acid concentration on conversion of dried superphosphate 
indicate that a suitable dried superphosphate containing 
approximately 93 to 9^ per cent conversion may be prepared 
by using a sulfuric acid concentration of 50 per cent in the 
acidulation step. 
Quick-Curing of Superphosphate Made with 
50 Per Cent Sulfuric Acid 
Steam treatment of supem^hosphate made with 50 per cent 
sulfuric acid 
Superphosphate made with 50 per cent sulfuric acid was 
treated v.'ith superheated steam at temperatures, of 250° to 
3^2° F. for one hour. Following steam treatment the super-
-59-
phoephate shov/ed conversions ranging from 92 to 95 per cent. 
Following steam treatment, the samples v/ere dried in the Roto-
Louvre drier for one hour with air at 16?° F. The analysis 
of the dried samples is somewhat erratic, in some cases drying 
caused a slight decrease in availability and in some oases a 
slight increase. Hov^ever, the data indicate that steam treat­
ment of superphosphate made vjrith 50 per cent sulfuric acid has 
no appreciable effect on conversion over that obtained by-
ordinary drying. The data discussed above are given in Table 
XIII and shown graphically in Figure X. 
Effect of product drying temperature on conversion of 
superphosphate made with 50 per cent sulfuric acid 
A series of experiments were carried out to investigate 
the effect of product drying temperature on conversion of 
superphosphate made v;lth 50 per cent sulfuric acid. The 
superphosphate vraa dried to constant moisture at constant 
product temperatures ranging from 125° to 3^4-2° F. The data 
are presented in Table XIV. Conversions of 93 to 9^ per cent 
were obtained for products dried up to about 250° F. Above 
that temperature the conversion of the dried superphosphate 
decreased until at a temperature of 3^2° F. a conversion of 
90.5 per cent was obtained. In the temperature range of 
285° to 3^2° F. an appreciable decrease in v/ater-soluble 
P20^ was noted; it decreased from approximately 15 per cent 
""6o~ 
Table XIII 
Treatment of Superphosphate Made with 
50^ H2SO11, with Superheated. Steam 
Steam temperature, ®p. 
Composition of material to 
Total PoO*** ^ 
Citrate insoluble PoO^, % 
Available PgO^, $ ^  
Conversion, % 
Moisture, % 
Composition after one hour 
Total P2O5, % 
Citrate insoluble PaO'^t % 
Available P2O5, ^  
Conversion, % 
Moisture, % 
Composition after drying 
Total PpOt, % 
Citrate insoluble P205» % 
Available P2O5, ^  
Conversion, % 
Moisture, ^  
250 282 315 3^2 
steam chamber* 
17.1 
1.6 
15.5 
91 
18.8 
steam treatment 
16.7  18.9  18.2  19.1  
1 .4  1 .1  0 .9  l.ii' 
15.3  17.8  17.3  17.7  
92 95 95 93 
19.7  12.9  7 .9  4 .9  
20.3  20.9  20.2  20.9  
1 .5  1 .4  1 .4  1 .3  
18.8  19.5  18.8  19.6  
93 93 93 94 
2 .3  3 .3  2 .2  2 .2  
4(i 
Fresh superphosphate same for all tests. 
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Table XIV 
Drying of Stqperphosphate Made vdth 50% H2SO4 
Acidulation 1*81 Acid teomerature 13i 
to. P2O5 
Product ten^)., °F« 125 175 225 253 
Inlet air tenp*<y 
Exit air tenp., ®F. 
Time to reach constant 
moisture^ min* 
516-180 408-280 507-410 6SO-580 
119-127 104-159 136-194 115^ 203 
95 
Gon^osition of material to drier after 2 days solidification time 
70 60 75 
Total P2O5, % 
Citrate insoluble P2O5,^ 
Water soluble PgOs* % 
Available PgOg, % 
Conversion, % 
Free acid (as PgOg), % 
Moistxire, % 
Composition of dried product 
Total PgOg, % 
Citrate insoliible PgOg, $ 
Water soluble PgOg, % 
Available PgOg, % 
Conversion, % 
Free acid (as PgOg), % 
Moisture, % 
17.0 
1.6 
14.2 
.15.4 
91 
' 6.5 
19.0 
16.2 
1.6 
13.7 
14.6 
90 
6.5 
19.2 
285 
730^ 670 
152-249 
70 
17.0 
1.5 
14.4 
15.5 
92 
6.9 
17.5 
20.1 20.5 20.4 ?.1.1 21.2 
1.4 1.3 1.4 1.4 1.7 
17.3 , 15.1 14.9 15.1 13.0 
18.7 19.2 19.0 19.7 19.5 
95 94 • 93 93 92 
5.0 3.9 4.0 3.9 3.7 
3.3 1.9 0.8 0.4 

Table XIV 
Drying of Superphosphate Made -with 50^  H2SO4 
ddulation 1*81 ^  * %SQ4 Acid tennerature 130° F« 
333. P2O5 
175 225 253 285 , 312 336 342 
408-280 507-410 ^  630-580 730^ 670 770-520 780-730 800-740 
104-159 136-194 115-203 152-249 164^ 280 154-288 160-295 
70 60 75 70 50 55 55' 
1 days solidification time 
16.2 17.0 16.8 • 
1.6 1.5 1*5 
13.7 14.4 14.3 
14.6 15.5 15.3 
• 90 92 91 
6.5 6.9 5.0, 
19.2 17.5 17.7 
20.5 20.4 21.1 21.2 21.4 21.8 21.8 
1.3 1.4 1.4 1.7 1.9. 1.8 2.0 
15.1 14.9 15.1 13.0 9.3 8.4 8.3 
19.2 19.0 19.7 19.5 19.1 20.0 19.8 
94 93 93 92 91 92 91-
3.9 4.0 3.9 3.7 1.9 1.7 1.6 
1.9 0.8 0.4 
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at 253® F. to 8.28 per cent at 3^2° P. Free acid also de­
creased as the product drying temperature exceeded 285° F. 
Drying at product temperatures above 285° F. resulted in a 
product v^rhich gained weight during the course of moisture 
analysis, hence no moisture values are reported, A plot of 
per cent conversion, water-soluhle P2O5 free acid versus 
product drying temperatures is given in Figure XI. 
Effect of reactant acid temperature on conversion of super­
phosphate made with 50 per cent sulfuric acid 
An investigation on the effect of reactant acid temper­
ature on conversion was made. Reactant acid temperatures of 
70 to 202® F. were investigated. All superphosphate samples, 
after solidification, were dried to constant moisture at a 
constant product drying temperature' of 220° to 225° F. The 
data are given in Table XV and plotted in Figure XII. Super­
phosphate prepared jising reactant acid temperatures of 70° to 
160° F. gave a dried product having approximately 93 cent 
conversion, whereas a reactant acid temperature of 190° F. 
gave a product having 91*6 per cent conversion. Using an acid 
temperature of 202° F. resulted in a product showing 91-0 
per cent conversion. These data indicate that it would be 
undesirable to use an acid temperature above 160° F. in the 
acidulation of superphosphate for quick-curing. 
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Table XV 
Effect of Reactant Acid Temperatures on Conversion 
of Superphosphate Made with 50^  H2S0j[^  
(Dried at product temperature of 220-225° F.) 
Reactant' acid temp., °F. 70 100 130 160 190 202 
Temp, mass after mixing. Op. 140 154 176 196 208 210 
Inlet-air temp., °F.. 518-390 507-375 507-410 420-340 480-401 512-385 
Exit-air temp., ^ F. 143-209 123-208 136-194 152-202 125-200 143-208 
Time to reach constant ! 
moisture, min. 75 90 60 120 75 75 
Composition of material: to drier after 2 days solidification time 
Total P2P5» ^ 
Citrate insoluble 
Availablis P2O5, ^  ^ 
Conversion, ^  
Free acid (P20^), % 
Moisture, ^  
a 
15.6  
1 .6  
14.0 
90 
8.1 
23.2  
15.6 
1-7 
13.9 
90 
8.5  
24.4 
16.2 
1.6 
14.6 
90 
6.5  
19.2  
16.4 
1.7 
14.7 
90 
6.8 
18.2 
17.3 
1.6 
15.7 
91 
6.1 
16.9  
17.4 
1.6  
15.0  
91 
6.2 
16.7  
Composition of dried product 
Total P20^, ^  
Citrate insoluble P205» 
Available ^2^5* ^  
Conversion, ^  
Free acid (PpOt-), ^  
Moisture, ^  
% 
20.7  
1.5 
19.2  
93. 
4.5 
0.7  
20.2 
1.5 
18.7 
93 
4.2 
1.1 
20.4 
1.4 
19.9 
93 
4.1 
0.8 
19.6  
1.4 
18.2 
93 
4.7 
5.3* 
20.2 
1.7 
18.5 
92 
4.9 
0.9  
20.2 
1.8 
18.4 
91 
4.6 
1.1 
*Superphosphate agglomerated in drier. 
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Effeot of aoldulatlon ratio on conversion of superphoaphate 
made with 50 per cent sulfuric acid 
The effect of acidulation ratio on conversion of super­
phosphate made with 50 per cent sulfuric acid and dried at a 
constant product temperature of 220° P. was investigated. 
Acidulation ratios, expressed as lb. H230i^lb. In the 
range of 1.59 to 1.96 were studied. The results of this study-
are presented in Table XVI and shown graphically in Figure XIII. 
Dried products ranging in conversion of S^l-.O to 98per cent 
v;ere obtained. These tests showed that conversions of the dried 
products increased as correspondingly higher amounts of acid 
were used in the acidulation. 
Q-ranulation during the drying operation 
As noted previously, during the drying operation, the 
superphosphate assumes an excellent form. Screen analyses 
of the dried products were not made. However, visual inspec­
tion revealed that very little, if any, of the granules were 
less than 1/32 to 1/16 inches in diameter, the majority be­
ing approximately 1/8 to l/k inch in diameter. The superior 
physical characteristics of granular fertilizers has been 
recognized by the fertilizer industry and the trend tov/ard 
production of more granular fertilizer is steadily increas­
ing. Therefore, a process v/hich includes both quick-curing 
Table XVI 
Effect of Acidulation Ratio on Conversion 
of Superphosphate Made with 50^  H2S0£j, 
(Dried at product temperature of 220-225® F.) 
Acidulation, H2S0/(, 
lb. P2O5 
1.59 1.  71 1.81 1.90 1 .96 
Inlet-air temp., °F. 56^ 1-392 500-375 507-^ 10 470-363 482-385 
Exit-air temp., °F. 128-200 13^ -^212 136-194 133-211 137-213 
Time to reach constant 
moisture, min. 75 85 60 120 115 
Composition of material to drier after 2 days solidification time 
Total ^ 2®')' ^  
Citrate insoluble ^ 2^5* ^  
Available P205f ^ 
Conversion, ^  
Free acid (P2O5), % 
Moisture, % 
18.1  
3.5 
lif.6  
81 
5 .2  
15.9 
17.4 
2.1  
15.3 
88 
6.1  
17.9 
16.2  
1 .6  
14.6 
90 
6.5  
19.2 
16.8  
0 .6  
16.2  
96 
6.9  
18.2  
16.3  
0 .6  
15.7 
97 
7.7 
18.7 
Composition of dried product 
Total P205^ % 
Citrate insoluble P205» % 
Available P205» % 
Conversion, % 
Free acid (p20c), % 
Moisture, % 
21.ii-
3.4 
18.0  
84 
3.1 
1.0  
19.9 
1.9 
18.0  
90 
3.5 
2.8  
20.4 
1.4 
19.0  
93 
4.1 
1.2 
19.6  
0.5 
19.1  
98 
5.3 
4.6* 
19.3 
0.3  
19.0 
98 
5.8 
3.5* 
4). Not constant moisture. 
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and granulation In a single operation would be highly desirable. 
Also, there was no caking or sticking of material in the drier. 
Caking studies 
Oaking studies were carried out by subjecting dried 
superphosphate made with 50 per cent sulfuric acid to pressures 
of 12.5, 30 and 60 pounds per square inch for one to three 
v/eeks. Superphosphate containing 1 to 3 per cent moisture 
showed no 'caking at a pressure of 12.5 pounds per square inch 
maintained on the sample for as long as three weeks. At a 
caking pressure of 30 pounds per square inch, superphosphate 
containing low moisture contents {2-k per cent) showed no 
oaking. At higher levels cakes were formed but required 
negligible pressure to crush them. At 60 pounds per square 
inch for one week noticeable caking occurred in all the tests 
made; crushing pressures ranging from Zk to 358 pounds per 
square inch were required to break cakes formed from super­
phosphate containing 1 to 8 per cent moisture. The data 
discussed above are presented in Table XVII. Figure XIV 
shows the relation bet\\'een moisture content and pressure re­
quired to crush cakes formed after one week at 60 pounds per 
square inch. 
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Table XVII 
Caking Teats on Quick-Cured Superphosphate 
Moisture 
in sample, 
% 
Caking 
time 
Caking 
pressure, 
psi 
Thickness 
of cake, 
Inchec 
Oruahing 
pressure, 
psi 
1.5 1 week 12.5 No caking — 
2.1 1 week 12.5 No caking 
2.8 1 week 12.5 No caking — 
2.9 2 weeks 12.5 No caking 
3.0 3 weeks 12.5 No caking — 
2.5 1 v/eek 30 No caking — 
3.9 1 v;eek 30 No caking — 
5.7 1 v/eek 30 3/^(- Firm calce easily 
broken between 
fingers 
6.9 1 vreek 30 1 Same as above 
7.3 2 weeks 30 3A No pressure re­
corded by gage 
8,0 1 week 30 3A No pressure re­
corded by gage 
0.9 1 week 60 9/16 23.9 
1.8 1 v;oek 60 3/^+ ^3.0 
3.3 1 v;eek 60 7/8 70.2 
5.3 1 week 60 5/8 159.3 
8.0 1 v/eek 60 3/^ 358.0 
400 
0 -J L 
0 2 4 6 8 
MOISTURE, % 
Fig. XIV Effect of i'-oistur.e Content on Caking of 
Superphosphate Kade with 503 
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Molature abaorptlon studlea 
Tests were carried out on quick-cured superphosphate made 
with 50 per cent HgSO^j, and storage cured superphosphate made 
with 71'8 per cent HgSOj^ in order to compare their moisture 
absorption characteriBtics. The procedure for these tests 
has been previously described. The data presented in Table 
XVIII shows that quick-cured and storage-cured superphosphate 
increased in v/eight by the same amount under the test con­
ditions employed. 
Table XVIII 
Moisture Absorption Teats 
Original Per cent gain in weight at 
Sample moisture 30° 0. and 72.5^ relative humidity 
content, 
% 1 hr. 2 hr. k6 hr. I67 hr. ZkO hr. 
Quick-cured 
superphosphate 2,2 1*06 1.47 2.65 3*18 3*2^ 
Storage-cured 
superphosphate 2.6 1.11 I.50 2.72 3*18 3.24 
Evaluation of laboratory experiments 
The small scale laboratory teats on drying of superphos­
phate made with 71.8 per cent H2SQi^ indicated that as moisture 
was removed from the superphosphate during the drying opera­
tion the reaction betv/een rock and acid v/as seriously impaired. 
-Ik-
The Important role played hy moisture in the conversion re­
action xms further brought out In the tests v/here superphos­
phate was treated v;lth hot gas-steam mixtures B.nd superheated 
steam. In these tests maximum conversion of superphosphe-te 
was noted where the material retained the largest amounts of 
moisture during the treatments. Studies on storage of the 
treated superphosphate showed that when superphosphate v/as 
dried below a moisture content of from ^ to 5 per cent no 
appreciable increase in conversion resulted during the storage 
period. 
The experiments on the effect of reactant acid concentra­
tion on conversion of the superphosphate further indicated 
the beneficial effects of the introduction of moisture into 
the superphosphate. No appreciable increases in conversion 
of superphosphate xirere noted as the reactant acid concentra­
tion V/as reduced below 50 per cent. Dried superphosphate 
having conversions of 93 "bo 9^ per cent was obtained when 50 
per cent sulfuric acid was used in the acidulation. Although 
these products were from 3 to 4 per cent lower in conversion 
than storage-cured laboratory control superphosphates made 
with 71.8 per cent acid, they compare very favorably vrith the 
superphosphate being marlceted at this time. The quick-cured 
superphosphate has the added advantage that it is in a granular 
form after drying, no further treatment being required as is 
the case in the present day granulation processes. Perhaps 
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the most Iraportant advantage of the quick-curing process 
evolved In the laboratory is that the superphosphate is 
ready for shipment in a matter of hours instead of the 4 to 
12 weeks required by the current storage processes. 
The laboratory ejcperiments indicated that superphosphate 
of salable chemical conposition (93-9^ per cent conversion) 
and excellent physlcs,l condition could be produced by quick-
curing under the follov/ing conditions. 
Aoidulation conditions 
Acidulation ratio 
Acid concentration 50 per cent H2SO/,, 
Acid temperature 70° to l60° F 
Mixing Excellent mixing 
required 
Solidification time (laboratory) 2 days 
Curing conditions 
Product drying temperature 250° F. 
Inlet-air temperature Up to 600° F. 
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PILOT PLANT STUDIES 
The results of the laboratory scale tests indicated 
that a product of chemical composition comparable to that 
being currently sold and of excellent physical condition could 
be made by drying superphosphate made with 50 per cent sulfuric 
acid in a Roto-Louvre drier. The laboratory teats had estab­
lished optimum superphosphate acidulatlon conditions and 
drying temperatures, and it was then deemed necessary to run 
larger scale tests to confirm the laboratory experiments. A 
pilot plant was therefore erected. Unfortunately the scope 
of the problem is such that only initial pilot plant teats 
are discussed in this report. 
Description of the Pilot Plant 
The pilot plant consisted of a superphosphate mixer, a 
den for solidification of the superphosphate, a rotary cutter, 
and a conveyor belt to lead the disintegrated superphosphate 
to the Roto-Louvre drier. Figure XV shov/s an overall front 
view of the pilot plant. Figure XVI shoxvs the den, cutter 
and conveyor belt. Figure XVII shows a side view of the 
Roto-Louvre drier and the gas heater. 
A pony mixer v/ith a mixing can of eight gallons capacity 
was used to mix the phosphate rock and sulfuric acid. The 
Fig. XV Front View of Pilot Plant 
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oan rotated at 40 r.p.m. and the mixing blades at 6k r.p.m. 
in the opposite direction. Batches of 30 to 4o pounds of 
superphosphate could be mixed at one time depending on the acid 
concentration employed in the ^cidulation. The mixer was driven 
by a 1 H.P. motor. 
The den consisted essentially of an open, rectangular 
wooden box three feet long, two feet wide and tv;o feet deep. 
The box was so constructed as to permit easy removal of the 
sides after the superphosphate had solidified. The den was 
set four feet from the floor and was mounted on v/heels to 
permit moving of the solid superphosphate into the blades of 
the rotary cutter. The den was capable of holding approximate­
ly 350 to ^50 pounds of superphosphate depending on the acid 
concentration used in the acidulation. 
The rotary cutter consisted of six vertical blades two 
feet long equally spaced on a tv/o foot diameter and attached 
to a central vertical shaft. On each blade v;ere attached 
eight cutting knives spaced two inches apart. The knives 
were alternately spaced on succeeding blades. The knives 
were three inches long and one inch wide and xvere bent to 
form an angle of 45 degrees with blade. The cutter was driven 
by a 2 H.P. motor. A gear reducer and bevel gear reduced the 
speed of the cutter to 17*5 r.p.m. The cutter simulated very 
closely the type used by the superphosphate industry. 
The rubber conveyor belt was 10 feet long and 18 inches 
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wide and v/aa placed on an incline of approximately 25 degrees. 
The belt rode on pulleys 12 inches in diameter and 20 inches 
long. The belt drive consisted of a 1 H.P. 1160 r.p.ra. motor, 
a Link-Belt W5 speed selector of variable speed from zero to 
^70 r.p.m. forward, or 200 r.p.m. reverse, and,a gear reducer 
of 3.29 to 1 ratio. The forv/ard speed of the belt could be 
controlled from 0 to 1.7 feet per minute. A chute at the dis­
charge end of the belt led the superphosphate to the drier. 
The pilot plant Link-Belt Company model IO6-6 Roto-
Louvre drier had a shell I3 inches inside diameter, 18 inches 
outside diameter and 6 feet long. The drier drive v/as 
equipped v/ith provision for varying the drier rotation from 
0.93 to 5*5 revolutions per minute. The hot gases for drying 
v/ere heated in a Link-Belt gas fired auction type heater and 
entered the drier at the feed end. A Chicago Blower Company 
steel plate exhauster (model number 15 rated to deliver ^ 00 
c.f.m. of air at 300° P. at an r.p.ra. of 3500) located after 
the cyclone separator served to draw the hot gases through the 
drier, the discharge hood and cyclone dust collector. The 
gas heater was equipped with a Brovm Instrument Company 
Protecto-Slo safety device, v/hich permitted automatic igni­
tion of the gas on starting and served as a safety feature in 
event of flame failure. Inlet gas temperatures were obtained 
by a shielded thermocouple placed in the inlet air manifold at 
the feed end of the drier. Product temperatures v/ere measured 
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"by a Brown Instrument Company temperature recorder, the 
sensitive element of which v/as inserted in the product at the 
discharge end of the drier. Exit air temperatures were measured 
by a thermometer inserted in the top of the discharge hood. 
Inlet air velocities were measured by an orifice meter placed 
in the line from the heater to the drier inlet air manifold. 
Initial Pilot Plant Studies 
The purpose of the initial pilot plant tests was tv/ofold: 
(1) to observe the "setting-up" characteristics and physical 
condition of the solidified superphosphate made by using less 
concentrated acid solutions than are used in commercial 
practice and (2) to observe the chemical and physical character­
istics of the dried superphosphate. 
Pilot plant drying runs v/ere carried out on superphos­
phate made by using acid concentrations ranging from 71*8 to 
50 per cent sulfuric acid in the acidulation step. An acidula-
tlon ratio of 1.81 pounds of H2S0/j, per pound of ^2^5 
in all the tests. The following procedure was used in OB.vvy-
ing out the mixing operation. The desired amount of sulfuric 
acid (previously diluted to 72 per cent ^2^0^,) was v/eighed 
out in the mixing pan and the calculated amount of water to 
produce the desired acid concentration v/as then added to the 
acid. The pan was placed in position in the mixer and the 
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ralxer atarted. The calculated weight of phosphate rock v/as 
then added slowly to the mixing pan and the mixing continued 
for the desired length of time. After mixing, the superphos­
phate slurry was poured, manually, into the den for solidifica­
tion to take place. Batches of superphosphate, weighing 
approximately 250 to 30O pounds, v/ere prepared for each run. 
After solidification, which on the pilot plant scale took 
place in a matter of hours instead of the one to three days 
required in the laboratory teats, the fresh superphosphate 
was disintegrated by use of the cutter or by hand. The dis­
integrated material was then passed through a screen having 
3/8 inch opening on to the conveyor belt. 
The data for the initial pilot plant runs are presented 
in Table XIX. The first pilot plant test was made on super­
phosphate prepared with 60 per cent sulfuric acid. In the 
acidulation step an acid temperature of 120° P. was used and 
mixing continued for three minutes. Excellent mixing of the 
rock and acid was noted under these conditions. The finished 
mix appeared homogeneous and poured easily into the den. The 
superphosphate seemed sufficiently solid and dry enough for 
further processing approximately one hour after the last 
batch was poured into the den although the drying operation 
was not started until about if hours after the last batch had 
been mixed. The superphosphate was disintegrated by use of 
the cutter. The material was well disintegrated by the cutter. 
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Table XIX 
Pilot Plant Drying of Superphosphate 
Eeactant acid 
concentration, ^  
Mixing conditions 
Acid temperature, °P. 
Mixing time, rain. 
Curing conditions 
Product temp., °F. 
Inlet-air temp., ®P. 
Exit-air temp., ^ F. 
Peed rate, Ib./mln. 
Retention time, min.° 
Gas to feed ration, lb. hr. 
Composition of fresh superphosphate 
Total P20«?* ^ 
Citrate ifisoluble P2O5, ^  
Available P2O51 ^  
Conversion, ^  
Moisture, ^  
Composition of dried superphosphate 
Total PoO^, ^  
Citrate Insoluble % 
Available ^ 
Conversion, % 
Moisture, % 
50 50 55 60 71.8 
128 128 125 120 70 
3 3 5 3 1.5 
150 191 184 150^ 180 
506 510 580 520 575 
160 164 150 176 150 
1.0 1.0 1.0 2.2 1.2 
85 85 75 50 85 
3.1 3.5 2.8 1.7 2.5 
16.1 16.1 16.6 17.9 19.4 
2.4 2.4 1.5 1.2 1.2 
13.7 13.7 15.1 16.7 18.2 
85 85 91 93 94 
23.5 23.5 21.8 18.3 13.4 
20.4 20.8 20.7 19.8 21.3 
2.7 2.2 1.8 1.1 2.1 
17.7 18.6 18.9 18.7 19.2 
87 89 91 94 90 
2.6 2.3 3.0 8.7 5.2 
•^alue estimated from temperature of product in discharge 
hood. 
•p 
Time interval for first product to be discharged from drier 
after loading of drier started. 
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However, the speed of rotation of the cutter was too slov: to 
throv: the disintegrated material on to the belt, the major 
portion being throv/n on the floor adjacent to the conveyor 
belt. The disintegrated superphosphate was then fed to the 
belt manually, after first being passed through a screen v;lth 
3/8 inch openings. In this run the product temperature as 
v/as measured in the laboratory tests was not obtained. In 
the subsequent runs the product temperature was measured by 
Inserting the sensitive element of the temperature recorder 
in the material in the discharge end of the drier to conform 
with the laboratory tests v/here the product temperature was 
measured by Inserting a thermometer in the bed of material 
in the drier. 
Samples of fresh superphosphate admitted to the drier 
and dried superphosphate v/ere analyzed for conversion and 
moisture content approximately 18 hours after drying. The 
den material showed about 93 per cent conversion whereas the 
dried product had about 9^ pei* cent conversion. However, the 
moisture content of the dried material was very high, about 9 
per cent. This would indicate that the feed rate employed 
in this test v;as too high and the temperature was too low. 
In subsequent tests a feed rate of about one pound per minute 
was used in order to obtain a drier product. Very little 
granulation of the superphosphate took place in the drier in 
this run, the material admitted to the drier being too dry to 
agglomerate. 
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The second and third pilot plant runs were made on super­
phosphate prepared with 50 per cent sulfuric acid. The pro­
cedure followed in the mixing operation was identical to that 
described previously. However, when 50 per cent sulfuric 
acid was used extremely poor mixing of the rock and acid re­
sulted. During the mixing operation the major portion of the 
rock seemed to settle to the bottom of the mixing pan result­
ing in a light soupy layer on top of a heavier more dense 
layer in the bottom of the pan. Evidently the agitation 
produced "by the mixing "blades was not violent enough to pro­
duce a homogeneous mix. On pouring the mixture after three 
minutes of mixing, the thin soupy portion flov;ed readily to 
all sections of the den while the heavier material did not 
flov; appreciably. An examination of the mixed superphosphate 
revealed a large number of hard aggregates which had formed 
at the start of mixing operation and which were not broken up 
during the mixing period. 
The fresh superphosphate in the den was aufflciently 
solid and dry enough for further processing approximately two 
to three hours after mixing. Drying tests were made at 
product temperatures of 150® and 191° F. A feed rate of one 
pound per minute was used in both runs. The dried product 
resulting from these runs contained about 2.5 per cent moisture 
and was in an excellent granular form. Hov/ever, the conversion 
of the dried products was quite lovf. The superphosphate dried 
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at a product temperature of 150° F. and had a conversion of 
about 87 per cent, while that dried at 191° F. had a conversion 
of about 90 per cent. These low conversions are believed to 
be the result of poor mixing during the acidulation as previously 
discussed. 
The next run v;as made on superphosphate prepared by using 
55 per cent sulfuric acid. The mixing operation was extended 
to five minutes. The mixed superphosphate appeared to be 
more homogeneous than that prepared vrhen 50 per cent sulfuric 
acid was used; however, some small aggregates of slightly 
wetted phosphate rock still appeared in the mixture. The 
superphosphate in the den was ready for drying approximately 
1 to 2 hours after mixing; The fresh superphosphate was dis­
integrated and fed on the conveyor belt manually. A feed rate 
of one pound per minute was maintained during the run and the 
superphosphate v;as dried at a product temperature of iSil-® F. 
The dried product contained three per cent moisture and about 
91 per cent conversion. During the course of the drying oper­
ation the superphosphate assumed an excellent granular form. 
The last of the pilot plant runs was made on superphos­
phate prepared by using 71*8 per cent sulfuric acid. A mixing 
time of 1|- minutes had to be used since a longer mixing-time 
resulted in solidification.of the superphosphate in the mixing 
can. The mixed material appeared to be homogeneous and set 
up qulclcly in the den. The den material appeared to be ready 
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for drying v;ithln an hour after mixing although about two and 
one half hours had elapsed before the drying operation was 
begun. The superphosphate was dried at a product temperature 
of 180® P. and contained about 5 cent moisture after 
drying. The dried product contained between 89 and 90 per cent 
conversion; this is several per cent higher than v/ould be 
expected since the degree of mixing should have been much poorer 
than in the oases where more dilute acids v/ere used in the 
acidulation. It should be noted that in this run the dried 
product was analyzed for conversion approximately 72 hours after 
drying, and that some Increase in conversion could have re­
sulted during this period since the dried product contained 
about 5 per cent moisture. During the course of the drying 
operation the superphosphate showed no signs of granulation; 
the material fed into the drier was apparently too dry to 
agglomerate. 
Since the sulfuric acid and phosphate rock used in the 
pilot plant v;ork were of a different grade than that used in 
the laboratory tests previously described, it was decided to 
make additional laboratory runs using the phosphate rock and 
sulfuric acid used in the pilot plant studies. Laboratory 
drying tests were made on superphosphate prepared by using 
55 and 71.8 per cent sulfuric acid. An acidulation ratio of 
1.81 pounds of H2S0/j, per pound of P2®5 used in both 
testa. In these tests the household mixer was used to mix the 
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rock and acid. The phosphate rook was added to the acid and 
mixing continued for tvro minutes. After mixing the super­
phosphate was transferred from the "beaker to a shallow pan and 
spread out to form a layer ahout one inch thick. The super­
phosphate imade with 71.8 per cent H2S0ii, was allowed to solidify 
for Zh hours. The superphosphate made with 55 per cent H2S0ij, 
v/as allowed to solidify for 36 hours before drying. After 
solidification the fresh superphosphate v/as passed throu^ a 
screen having 3/8 inch openings and then dried at a constant 
product temperature of 190° F. The data for these runs are 
presented in Table XX. 
The conversion of the dried superphosphate prepared v/ith 
55 per cent sulfuric acid v/aa about 92 per cent. This value 
corresponds very closely to the conversion of the dried super­
phosphate made and dried under the same conditions in the pilot 
plant. The conversion of the dried superphosphate made v;ith 
71.8 per cent sulfuric acid vms about 81 per cent, a much 
lov;er conversion than that obtained in the pilot plant run. 
However, the conversion of the laboratory dried superphosphate 
was in the same range as that obtained in previous laboratory 
vrork v/ith 71»8 per cent sulfuric acid. It should again be 
pointed out that the superphosphate made in the laboratory con­
sisted of 2 to 3 pound batches which cooled rapidly after mixing 
and required solidification time of a day or more v/hereas in 
the pilot plant batches of 250 to 300 pounds of superphosphate 
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Table XX 
Laboratory Drying Teste with Phosphate Rock 
and Sulfuric Acid Used in Pilot Plant Work 
Acid concentration, % 55 71.8 
Reactant acid temp., 130 70 
Product temperature, ®F. 190 190 
Inlet-air temp., °P. 46/^-338 ^67-305 
Exit-air temp., °F. 131-169 15^^-186 
Time to reach moisture 
content, min. 100 85 
Composition of fresh material to drier 
Total P20^, % 
Citrate insoluble PaO^* ^  
Available ^2^5* ^  
Conversion, ^  
Moisture, ^  
17-0 
l.iv 
15.6 
91 
19.9 
19.^ 
3.7 
15.7 
81 
11.8 
Composition of dried product 
Total PpOjf, ^  
Citrate insoluble PoO^, ^  
Available PgO^, ^  
Conversion, 
Moisture, ^  
20.9 
1.6 
19.3 
92 
2.9 
22.0 
k . 2  
17.8 
81 
1.8 
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were prepared. These larger batches solidified in a matter of 
one to two hours and remained hot up until the drying opera­
tion was begun. The difference between laboratory and pilot 
plant solidification time and conditions might easily affect 
a difference in conversion of the fresh superphosphate and 
should be studied further. I 
Screen analyses of the dried products obtained from the 
runs where 55 per cent and 71.8 per cent sulfuric acid were 
used in the acidulation are shown in Table XXI. These analyses 
indicate that the product obtained from both runs has a good 
granular form. Although the dried products have approximately 
the same size distribution, it should be noted that the super­
phosphate made with 55 per cent acid agglomerated to the size 
indicated during the drying operation. No dust was collected 
from the dust collector in this run. The superphosphate made 
with 71.8 per cent acid showed practically no agglomeration 
in the drier and a considerable amount of dust was collected. 
Following passage through the 3/8 inch screen, the disintegrated 
fresh superphosphate made v/ith 71*8 per cent HgSOiif, was much 
larger in size than the disintegrated superphosphate made v/ith 
55 per cent H2S0j[|,. This difference in size after screening is 
probably due to the difference in physical condition of thet 
two superphosphates after solidification. The superphosphate 
made with 55 per cent H230|}, was a light porous solid which 
readily crumbled during the screening operation, v/hereas the 
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materlal made with 71*8 per cent HgSO^ was a more dense compact 
solid which did not crumble as readily. Screen analyses of the 
fresh superphosphates were not made since the material was too 
moist to obtain a suitable analysis. 
Table XXI 
Granulation of Superphosphate 
in Pilot Plant Roto-Louvre Drier 
Screen analysis 
Screen opening Superphosphate made 
with 55^ HgSOi,, made with 71.8^ H2SO4 
+ f inch 0 0 
- i inch + 4 mesh 2.0 6.0 
-  4 + 1 0  m e s h  31.2 30.3 
- 1 0 + ^ 0  m e s h  55.0 52.2 
- 4 0 + 5 0  m e s h  10.6 5.2 
- 50 mesh 1.2 6.3 
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OONCLUSIONS AND RECOMMENDATIONS 
Conclusions 
The conclusions of this work are as follows; 
1. Drying of fresh superphosphate increases its ^2^5 
availability only sli^tly; loss of moisture apparently 
impairs reaction hetv/een rook and acid. ^ 
2. Superphosphate made with 71.8 per cent superphosphate 
may be dried at product temperatures up to 275° F. without 
any deleterious effect on conversion. 
3 .  Above product drying temperatures of about 225° F., 
the v/ater-soluble P2®5 content of the dried product decreases. 
il-. On storage, the conversion of the dried superphosphate 
Increases; the magnitude of the increase depends on the 
moisture content of the superphosphate at time of storage. 
5. Treatment of superphosphate vjith hot gases containing 
water vapor Increases its conversion; the degree of this 
increase depends on the moisture content retained by the 
superphosphate during the treatment. 
6. The conversion of freshly acidulated superphosphate 
increases as reactant acid concentration decreases; no sig­
nificant inoreases occur when reactant acid concentrations of 
less than 50 per cent sulfuric acid are used. 
-9^ 
7. Superphospliate made with 50 per cent sulfuric acid 
may be dried at product temperatures up to about 250^ F. 
without impairing ^2^5 S'Vailabillty; above about 250° F. the 
conversion of the dried product decreases. 
8. Above product drying temperatures of about 250° F., 
the water-soluble P2O5 content of the dried superphosphate 
decreases; above 285° F. the free acid content decreases 
rapidly. 
9 .  The conversion of dried superphosphate decreases as 
reactant acid temperatures are increased above l6o° F. 
10. Use of a Roto-Louvre drier for drying superphosphate 
results in a dried product of excellent granular formj no 
excessive caking or sticking of material to the drier occurs 
when hot gases are used, as the drying medium. 
11. A pilot plant has been built and initial curing tests 
have been made. The initial experiments have shown that 
superphosphate prepared by using more dilute acid than are 
commercially employed at this time "sets up" in the den in a 
matter of 1 to 3 hours and can be adequately disintegrated 
and transferred to the drier vjithout incurring materials 
handling difficulties such as sticking to belt and cutter. 
These tests have also shown that the superphosphate assumes 
an excellent granular condition during the drying operation. 
Sufficient runs have not been made to determine optimum oper­
ating conditions on the pilot plant scale. 
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12. A process has been developed on a laboratory scale 
for quick-curing superphosphate which gives a product of salable 
chemical composition and excellent granular condition. This 
process consists of using 50 per cent H2S0j[,. at temperatures 
up to 160° P. in the acidulation of phosphate rook. After 
solidification and disintegration the fresh superphosphate is 
fed into a Roto-Louvre drier where it is quick-cured by drying 
vrith hot combustion gases at product temperatures up to 250° F. 
The finished product has a conversion of about 93 per cent and 
is in a granular form ready for bagging v/lthout any further 
treatment. 
Recommendations 
The follov/ing recommendations apply to future pilot plant 
v;ork. 
1. The mixing operation should be improved so that 
phosphate rock and 50 per cent sulfuric acid can be mixed 
adequately. Either a different type of mixer should be 
obtained or the present mixer modified to accomplish this 
objective. 
2. The effect of time in the den on conversion of the 
freshly acidulated superphosphate should be studied in order 
to determine optimum den time before drying. 
3 .  The cutter should be modified and the den mechanized 
to permit controlled feeding of the disintegrated superphos­
phate to the conveyor belt. 
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The v/ork reported in this paper v/aa hased on the 
effect of drying on the chemical composition of the cured 
superphosphate with particular emphasis "being placed on the 
variables v/hlch materially affect conversion such as acid 
concentration and temperature and product drying temperature. 
The future v/ork on the pilot plant scale should include a 
study of curing as a drying problem. 
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